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This volume in the list of Burroughs Electronic Data 
Processing publications is intended as a manual for pro- 
grammers. Its purpose is, as its title indicates, to acquaint 
the programmer with the operational characteristics of 


the BURROUGHS 220 Data Processing System. 
The center of the BURROUGHS 220 System is the Data 


Processor which, with its magnetic-core storage, gives 
high computation speeds. Information is handled by the 
220 in binary-coded decimai form. Thus the programmer 
need not translate the information to the binary number 
system and retranslate it to decimal form. Keeping track 
of the decimal point may be accomplished either through 
scaling or through use of the built-in automatic floating- 
point feature. Further reduction in programming and 
operating time can be achieved through the use of the 
220’s partial-word instructions. 


The Control Console, the operation center for the BUR- 
ROUGHS 220 System, is designed for ease of operation 
and maximum usefulness in checking out programs. It 
includes a keyboard for manual entry of data or instruc- 
tions and an interval timer to check operating time. Reg- 
ister contents are displayed at all times; controls allow 
single-step manual operation. Thus, when checking out a 
program, the operator can examine intermediate results 
at any time. Program errors are pinpointed by indicators 
showing in what part of the system an unexpected stop 
occurred. The operator can inspect the contents of a stor- 
age location and enter new information into storage with- 
out affecting the contents of the registers. By depressing 
a button, successive storage locations can be displayed. 
Ten program switches, used singly or in combination, ex- 
tend the. programming flexibility of the 220 and reduce 
over-all programming time. 


Two kinds of magnetic-tape storage are used with the 
BURROUGHS 220: the Magnetic-Tape Storage Unit and 
the DATAFILE* Unit. Both use dual-lane, addressable 
magnetic tape: i.e., the tape is divided lengthwise into 
two lanes to reduce the need for tape movement and the 
information written on the tape can be updated selectively. 
Magnetic tape may be “searched” for information in ei- 
ther a forward or a backward direction. Searching is the 
process of automatically comparing the search key, desig- 
nated by the instruction, with the first word of each block 
on a lane of tape until a comparison is found. Once ini- 
tiated, searching of magnetic tape is independent of Data 
Processor operation; computation can continue while in- 


* A Trade-mark of the Burroughs Corporation. 
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formation is being found. Tape can also be “scanned” 
independently. Scanning proceeds in a forward direction 
only and is the process of inspecting a designated part of 
the first ten words of each record to locate a particular 
category. Blocks may be from 10 to 100 words in length. 
From 1 to 10 blocks may be read with a single instruction. 


The Paper-Tape System provides the BURROUGHS 220 
System with complete facilities for input and output util- 
izing paper tape. The Photoreader reads punched paper 
tape at the rate of either 500 or 1000 characters: per sec- 
ond and can stop on a single character with the next char- 
acter in position to be read. Information from storage 
can be punched at the rate of 60 characters per second by 
the paper-tape punch. The punched tape produced is 
accepted for reading by the Photoreader or by the me- 
chanical reader available with the Supervisory Printer. 
End-of-word characters are automatically supplied. The 
Supervisory Printer operates at the rate of 10 characters 
per second, printing numeric, alphabetic, and special char- 
acters. In addition to the Supervisory Printer, the 220 can 
use up to 10 Photoreaders and up to 10 paper-tape punches. 
Additional character-at-a-time printers. with the same char- 
acteristics as the Supervisory Printer. can be substituted 
for the punches. 


A complete buffering and editing system connects card 
readers, card punches, and line printers to the BUR- 
ROUGHS 220 Data Processor. This electronic card-han- 
dling system, the CARDATRON* System, allows the use 
of up to seven punched-card machines and/or printers— 
all operating simultaneously, ‘independent of the Data 
Processor. A CARDATRON system consists of a control 
unit and up to seven input units and output units. 
Each card reader, punch, or line printer is connected to 
one of these units; each unit contains a magnetic-drum 
buffer. The card machine communicates only with its 
associated buffer unit and the Data Processor receives 
information from each buffer in a fraction of the time 
required for reading a punched card. Thus the Data Proc- 
essor is not tied to the speeds of the card machines; in- 
stead, computation can continue during reading, punching, 
and printing. Editing, format control, and alphabetic 
translation of both input and output is handled auto- 
matically by the CARDATRON system and editing and 
format facilities may be program-controlled from the 
Data Processor. Thus there is no limit to the number of 
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format choices available. Five separate formats are stored 
at the same time on the buffer drum of each input and 
output unit. Any one may be replaced by execution of one 
instruction. The CARDATRON system accepts and pro- 
duces any combination of numeric, alphabetic, and spe- 
cial characters. And all 120 print positions are available 
for printing without restrictions of format or amount of 
alphabetic information. 


The operation cycle of the BURROUGHS 220 is divided 
into two phases, a Fetch Phase and an Execute Phase. 
The Fetch Phase is described, with flow charts, in the 
beginning of Chapter 2, the chapter describing the Data 
Processor. Its description is not repeated since the Fetch 
Phase is the same for every operation. By far the greater 
part of most of the chapters of this volume is taken up 
with a discussion of the Execute Phase of each operation 
related to the system component being described. 
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Appendix D and Appendix E are A Glossary of Terms 
and A Glossary of Symbols, respectively. Since these are 
the terms and symbols used extensively throughout this 
manual, it would be advisable to study them before delv- 
ing into the manual itself. 


Extreme care has been taken to make this manual as 
error-free as possible; perfection, in such an endeavor, is 
seldom attained. The authors and publishers would appre- 
ciate, therefore, constructive criticism of the contents of 
this manual, whether in regard to errors in fact or to 
manner of presentation. Such comments should be ad- 
dressed to: 


Manager, Product Support, 220 
Burroughs Corporation 

6071 Second Avenue 

Detroit 2, Michigan 


GENERAL 
The BURROUGHS 220 Data Processor is a general-pur- 


pose, stored-program, sequentially-controlled, series-paral- 
lel, automatic, electronic, digital computer which employs 
a single-address operation code. The basic instruction list 
of the BURROUGHS 220 Data Processor consists of 41 
instructions, but variations in the structure bring the num- 
ber of distinct operations to 65 (this does not include 
instructions referring to input-output equipment, which 
will be enumerated in the chapters in which the various 
system components are described). Control and arithme- 
tic units as well as power supplies and working storage 
are housed separately. 


The Control Console is regarded as being an integral part 
of the Data Processor; however its details will be dis- 
cussed in a separaie chapier. 


Depending on the size of magnetic-core working-storage 
in the system, one or two units are required to house that 
storage. 


REPRESENTATION OF INFORMATION 


The basic unit of information in the BURROUGHS 220, 
is the 8, 4, 2, 1-binary-coded decimal digit. An aggregate 
of eleven digit positions is called a word. More accurately, 
the word should be described as ten digits plus sign, since 
it is not intended that the sign-digit position in a word 
shall be used in the same unrestricted fashion as the other 
ten digits. The digit positions in a word are identified as 
shown in Figure 2-1. 


+1234567890 


Biatncnene 


Figure 2-1. Digit-position identification in the 
Data Processor word 


The logical structure of the BURROUGHS 220 is based 
on the fixed-length ten-digit-plus-sign word described 
above.. Certain operations, however, permit manipulation 
of partial-word fields.* 


Depending on the manner in which the word is referred 
to, its contents may be regarded as numeric, alphabetic or 
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mixed numeric and alphabetic (otherwise, alphanumeric), 
or an instruction. For example, 0 5941 51 4148 may rep- 
resent the number + 5941514148, the noun RAJAH, or 
an instruction which causes information on magnetic tape 
to be scanned. 


Each word in magnetic-core storage is identified by a 
unique four-decimal-digit number called the address of 
the word. The word itself is said to be stored in the loca- 
tion whose address identifies it. 


Although the BURROUGHS 220 uses only the ten decimal 
digits, each decade of four bits in the 8, 4, 2, 1 code 
might have been used to count to 15. The occurrence— 
for any reason—in the low-order digit position of certain 
of the control registers of a configuration corresponding 
io any one of the decimal numbers from ien to 15, is de- 
tected automatically. The detection of such a configura- 
tion results in a Digit Check ALARM STOP:? the Data 
Processor stops and an ALARM indicator light—on the 
Control Console—labelled DIGIT CHECK comes on. 


WORD FORMAT 


NUMERIC INFORMATION 


Fixed-Point Numbers. Each word of ten digit positions 
plus sign-digit position may represent a number in the 
range —9999 99 9999 to +9999 99 9999. It is conven- 
tional to regard the so-called machine decimal point as 
being located between the sign and the high-order numer- 
ic digit; hence, it is customary to say that fixed-point ma- 
chine numbers are restricted to the range -—1< n< +1. 


If the result of an arithmetic operation yields a number 
outside the range specified above; -arithmetic overflow is 
said to have occurred. The occurrence of arithmetic over- 
flow causes the OVERFLOW indicator to be turned on. 
The status of the OVERFLOW indicator may be interro- 
gated or ignored at the option of the programmer. (See 
overflow set instructions, page 2-37.) 


Whenever it is necessary to distinguish the machine deci- 
mal point from a problem decimal point, the symbol a 


*A partial-word field is any set of contiguous digit-positions within a Data Processor word; for example, digit positions 5, 6, and 7; or 


+,1, 2, 3, and 4; or +. 


? Optionally, an audible alarm signal may be caused to sound whenever the Data Processor stops on detecting an exceptional condition. All 


exceptional conditions will be described in context. 
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will be used to specify the location of the problem deci- 
mal point. A dot—the conventional symbol—will repre- 
sent the machine decimal point.* 


The convention for representing signs is the following: 
“0” in the sign-digit position means the number is posi- 
tive (or, at least, non-negative, i-e., greater than or equal 
to zero) ; “1” in the sign-digit position means the number 
is negative (or, at least, non-positive, i.e., less than or 
equal to zero). An immediate consequence of this conven- 
tion is that zero may be signed either positive or neg- 
ative.* 


Normally, the sign-digit position of a word which is nu- 
meric, and on which arithmetic operations are performed, 
is not different from O or 1. If arithmetic operands do 
have sign digits which differ from 0 or 1, the three high- 
order bits (8, 4, and 2) in the sign digit will be set to 
zero before arithmetic begins; in the result word, the 
three high-order bits will be zero. 


Floating-Point Numbers. Each word of ten digit positions 
plus sign-digit position may represent a number in expo- 
nential or scientific notation: we call such a number a 
floating-point number. Digit-positions 1 and 2 hold the 
coded exponent—including its sign. A floating-point num- 
ber with exponent greater than or equal to —50 and less 
than or equal to 0 is coded in the range 00 to 50, that is, 
the actual exponent is increased by 50; a floating-point 
number with exponent greater than 0 but less than 50 is 
coded in the range 51 to 99: again, the actual exponent 
is increased by 50. 


Digit positions 3 through 0 hold the so-called mantissa 
of the floating-point number; the sign of the mantissa is 
the sign of the Data Processor word. The convention for 
representing signs of mantissas—and, hence, of floating- 
point numbers—is the same as the convention for fixed- 
point numbers. The decimal point of a floating-point 
number is regarded as being located between digit posi- 
tions 2 and 3 of the floating-point word, as a result of 
which it is customary to assert that floating-point machine 
numbers, n, are restricted to the range 10°! << n < 10**°. 


Usually, floating-point numbers appear in normalized 
form; that is, the exponent and mantissa of a number are 
adjusted so that the highest-order digit of the mantissa 
is different from zero. Of course, in adjusting the man- 
tissa, it may happen that the exponent will fall outside 
the permissible range, 00 through 99: 


1. If the result of an arithmetic operation causes a 
floating-point exponent to exceed 99 (exponent) 
overflow is said to have occurred, and the OVER- 
FLOW Indicator is set ‘‘on.” 


2. If the result of an arithmetic operation would have 
caused a floating-point exponent to be smaller than 
00 (exponent) underflow is said to have occurred, 
and the arithmetic register (s) which was (were) 
to contain the result is (are) cleared. 


The result of every floating-point arithmetic operation is 
normalized. 


The following examples illustrate floating-point repre- 
sentation: 


Floating-point 
Representation 


+5373 70 6900 
+4748 87 9000 
—59523 44 9186 
— 5080 00 0002 


Number 


+ 737,0 69 0000 
+ ,0004 88 7900 
— 2344 9,1 8672 
— 8000 00 0236 


ALPHABETIC OR ALPHANUMERIC INFORMATION 


An alphabetic character is represented by two numeric 
digits in the BURROUGHS 220 code. The complete BUR- 
ROUGHS 220 code is shown in Appendix C. Each word, 
therefore, has a capacity for five alphabetic characters; 
the sign-digit position of the word is used for a “flag” 
which indicates that the contents of the word are coded 
alphanumerically. The flag used is the digit 2. 


INSTRUCTION WORDS 


A BURROUGHS 220 instruction word may be regarded 
as composed of four parts, called the address (digit-posi- 
tions 7, 8, 9, and 0), operation code (digit-positions 5 
and 6), control (digit-positions 1, 2, 3, and 4), and sign- 
digit (+) parts which are illustrated below. 


f2/1 23.4{5 6/7 8 9 0 


In the discussion of each BURROUGHS 220 instruction 
word which appears in this section, an instruction format 
is given followed by definitions of the symbols used. The 
following symbols, however, are common to many of the 
instructions. To avoid unnecessary repetition, the defini- 
tions given here will apply to all instruction words in 
which these symbols are found: 


2 If + is odd, B-register address-modification 
will occur; otherwise, there will be no such 
modification. 

is this digit not relevant to the execution of this 
instruction. 

Op: operation code. 


“This decimal point representation conforms to common usage and, therefore, its adoption here supersedes the representation set forth in 


any other Burroughs Electronic Data Processing publication. 


‘When an arithmetic operation yields a zero result the sign of the result can be predicted. See the Remarks section in the description of 


the appropriate operation and the corresponding flow chart. 


Address Part. The four low-order digit positions in the 
instruction word are called the address part of the in- 
struction because, in many instructions, they name the 
address of a location whose contents are used during the 
execution of the instruction; otherwise, the address part 
of the word is used to specify some quantity which is not 
an address; or the address part may not be relevant to 
the execution of the instruction. 


relevant to its execution may be coded in an arbitrary 
fashion. 


In general, any part of an instruction word which is ir- 


Operation-Code Part. Digit-positions 5 and 6 in an in- 
struction word are used to specify the numeric operation 
code of the instruction to be executed. 


Conirol Part. Digit-positions 1 through 4 are used for a 
variety of purposes, among which may be listed the speci- 
fication of partial-word boundaries, the designation of 
input and/or output units, the enumeration of tallies, etc., 
each of which specifies some control over the manner in 
which the instruction will be executed. 


Sign-Digit Part. The sign-digit position of an instruction 
is used to specify whether the address part of the instruc- 
tion is to be modified—in a manner which will be speci- 
fied below—by the contents of the B register as the 
instruction is brought from storage to the control register: 
if the sign digit is an odd integer, B-register address-modi- 
fication will occur; if the sign digit is an even integer. 
it will not. 


On input from paper tape or punched cards the sign-digit 
position of an instruction may contain a flag which di- 
rects the instruction to the control register; simultane- 
ously, the input device receives a signal that the execution 
of the input instruction is completed. 


Additionally, the four-bit of the sign digit is used to spec- 
ify that a partial-word key is desired and, hence, that 
MAGNETIC-TAPE FIELD SEARCH or MAGNETIC- 
TAPE FIELD SCAN is to be executed. 


PARTIAL-WORD FIELDS 


Several instructions allow operations to be performed on 
partial-word fields. It is necessary to identify the low- 
order digit position (i.e., the beginning) and the number 
of digits (i.e., the length) of the partial-word field. Digit- 
positions 1 and 2 of the instruction word are used for 
this purpose: digit-position 1 specifies the location of the 
low-order digit position ;digit-position 2 specifies the num- 
ber of digits in the partial-word field. Thus, for example, 
if these two digit positions contain 04, the four low-order 
digit positions of the referenced word are singled out; 
if these two digit positions contain 62, digit positions 5 
and 6 are singled out of the referenced word. 


The letter ‘“‘s” is used to symbolize the low-order digit 
position, or starting point, the letter “L” the length, of a 
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partial-word field. In order to describe completely the 
location of a partial-word field, we also require the ad- 
dress of the word in which the partial-word field is lo- 
cated. The complete address of a partial-word field is 
symbolized thus: aaaa:sL. In accordance with the usual 
convention (aaaa:sL) specifies the contents of the par- 
tial-word field. Thus, for example, (1000:04) is the 
address part of the word in location 1000; and (1426:00) 
specifies all but the sign digit of the word in location 
1426. 


REGISTERS 


In the control and arithmetic sections of the Data Proc- 
essor are several registers of interest to the programmer. 
The specific role of each of these registers is described 
in detail as each operation is described. 


THE A REGISTER 


The A register is a ten-digit-plus-sign-digit-position regis- 
ter. Its primary function is to store one of the operands 
as well as the result of an arithmetic operation, although 
it serves other purposes as well. It is frequently called the 
accumulator. The A register will be designated as rA, for 
short. 


THE R REGISTER 


The R register is a ten-digit-plus-sign-digit-position regis- 
ter. It is primarily an extension of the A register. It will 
be designated as rR. 


THE D REGISTER 


The D regisier is a ieu-digit-plus-sign-digit-position regis- 
ter. The D register is primarily an intermediate buffer 
used during the transfer of information; in particular, 
the D register buffers all input to the Data Processor. It 
will be designated as rD. 


THE B REGISTER 


The B register is a four-digit-position register. Its primary 
purpose is to provide for automatic address-modification 
in a manner which will be specified; it is also used for 
tallying. The B register will be designated as rB. 


THE C REGISTER 


The C register is ten digits long. It is used to contain the 
instruction being executed. It is convenient to regard the 
C register as being divided into three parts: 


1. The four high-order digit positions (1, 2, 3, and 4) 
of the C register contain what are called control 
digits. 

2. Digit positions 5 and 6 always contain the operation 
code. 


3. The four low-order digit positions (7, 8, 9, and 0) 
of the C register contain the address part of the 
instruction. 


The Data Processor 


The C register is frequently called the control register. 
It will be designated as rC. 


THE P REGISTER 


The P register is a four-digit-position register. The P 
register controls the sequential operation of the Data 
Processor: it contains the address of the location from 
which the next instruction will be selected for execution. 
It is frequently called the program register. The P register 
will be designated as rP. 


Four other registers, not in the control and arithmetic 
units, are worthy of note. 


THE IB REGISTER 


The IB register is a ten-digit-plus-sign-digit-position regis- 
ter in the storage control unit. It is used as a buffer 
between core storage and the control and arithmetic units. 
The IB register is frequently called the information buffer 
register. It will be designated as rIB. 


THE E REGISTER 


The E register is a four-digit-position register in the stor- 
age control unit. It is used for control purposes: the E 
register will always contain the address of a location to 
which access is being made under Data Processor or 
manual control. This register will be designated as rE. 


The E register is used as a counter during execution of. 


certain CARDATRON*® instructions. When it is so used 
it is capable of counting only modulo the number of 
words in storage. For example, if there are only 6000 
words of core storage. the E register counts modulo 6000. 


THE CD REGISTER 


The CD register is a ten-digit-plus-sign-position register 
in CARDATRON control unit 2. It is used for control 
purposes: the CD register will always contain a copy of 
the CARDATRON instruction which is being executed. 
The CD register will be designated as rCD. 


THE T REGISTER 


The T register is a ten-digit-position register in the mag- 
netic-tape control unit. It is used for control purposes 
while magnetic-tape instructions are being executed. The 
T register will be designated as rT. 


The contents of the A, R, D, B, P, C, and E Registers are 
displayed in 8, 4, 2, 1 binary-coded form on the control 
console with facilities for changing the contents of any 


one of them. This procedure is described in the Handbook 
of Operating Procedures for the BURROUGHS 220. 


INFORMATION FLOW 


The flow of information between core storage and the 
registers, between registers, between input-output equip- 
ment and the registers is parallel-serial. For example, all 


* Trade-mark of the Burroughs Corporation. 


four bits of every digit are transferred in parallel; all 44 
bits of a word are transferred between the information 
buffer register and core storage in parallel; all 16 bits 
of the P Register are transferred to the E Register in 
parallel: but information is transferred between the in- 
formation buffer register and the D Register serially by 
digit. In the flow charts which follow this will be noted 
in detail. 


There are three different types of information flow: 


1. Operation cycle 
a. Fetch Phase 
b. Execute Phase 


2. Input 
3. Output 
THE OPERATION CYCLE 


The cycle of Data Processor operation is divided into two 
parts, the first of which is called the Fetch Phase. the sec- 
ond the Execute Phase. Each of these two names is de- 
scriptive of Data Processor operation for the duration of 
that part of the operation cycle: instructions are brought 
to the control unit during the Fetch Phase; they are exe- 
cuted during the Execute Phase. In normal operation the 
Fetch and Execute Phases follow each other alternately. 


STORAGE 


1h) ne ALARM STOP 


SET D SIGN-INDICATOR EQUAL 
TO ONE-BIT OF riB:1. 


CLEAR ONE-BIT OF riB:£1. 


D SIGN- D SIGN- 
INDICATOR | INDICATOR 
= 0. =1. 


(rB) + (rlB:04) ——» rC:04. 
(_) SET CARRY INDICATOR 
TO ZERO. 


(1B:04) —> rD:04 


(r1B:04) —> rC:04. 
(rlB:04)——» rD:04, 


(rIB:66) — 1C:66 


(r1B:67) —» rD:67 
RESTORE ONE-BIT OF rD:+1 


(rP) + 1—>rP 


( ) OPERATION COMPLETE 
Figure 2-2. The Fetch Phase. 


The Fetch Phase. Flow charts for the Fetch Phase are 
shown in Figures 2-2 and 2-3. A verbal description of 
this flow follows immediately: 


1. At the beginning of the Fetch Phase, the contents of 
the P Register are transferred in parallel to the E 
Register. 


2. The contents of the location whose address is in the 
E Register are transferred in parallel from core 
storage to the information buffer register. In this 
register the sign-digit position of the word is exam- 
ined to determine whether B-register address-modi- 
fication is intended. 


If the one-bit of the sign digit is equal to 1 [in which case 
we may write (rIB:+1) /1=1], it is set to zero. 


3. If the sign digit in rIB was an odd integer, B-regis- 
ter address-modification will occur as the ten low- 
order digits of the instruction word pass serially 
through the adder and into the C register. This 
transfer of information takes place in two parts: the 
address part of the word goes first; immediately 
after this transfer is completed the carry indicator 
in the adder is set to zero, so that, in case a five- 
digit sum was generated, there will be no overflow 
into the operation-code part of the instruction word. 
The second part of this transfer takes (rIB:66) into 
the C register. 


If the sign digit in rIB was an even integer, no B-register 
address-modification will occur as the instruction is trans- 
ferred to the C register. 


STORAGE 
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Figure 2-3. The Fetch Phase. 


Simultaneously with the transfer to the C register, the 
instruction word, including the (possibly modified) sign 
digit, is transferred to the D register, but without address- 
modification, even if it is specified. When the transfer to 
the D register has been completed the one-bit of the sign 
digit will be restored in the sign-digit position in the D 
register. The word in the D register is, therefore, an exact 
copy of the instruction as it is represented in storage; it 
may be used for checking purposes by the system operator 
or the maintenance engineer. 


4. Finally, the contents of the P register are counted 
up 1, unless the entry to the Fetch Phase was made 
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as a result of interrupting a paper-tape or punched- 
card input instruction, in which case the counting 
up is inhibited. At the conclusion of the Fetch Phase 
the P register will contain the address of the location 
rom which will come the next instruction selected 


ALULLL WrLiiui 


for execution, if control continues in sequence. 


The time for execution of the Fetch Phase is uniformly 
90 microseconds. 


The Execute Phase. During the Execute Phase, the in- 
struction in the C register is executed. The nature of ihe 
Execute Phase and the time required to complete it are 
functions of the operation code, in particular, as well as 
the other digits in the C register. The detailed description 
of the Execute Phase for each operation comprises the 
bulk of this volume. 


INPUT FLOW 


Input information pulses to the Data Processor may be 
received from a Photoreader (paper tape), a CARDA- 
TRON Input Unit (punched cards), the Keyboard (man- 
ual), Magnetic-Tape Storage Unit, or DATAFILE* (mag- 


netic tape) Unit. Figure 2-4 shows the information flow. 


DSEGISNR. tebe eee 

t 

~£1234567890 | 
L 


INFORMATION BUFFER 
REGISTER 
=1234567890 


| Sere | 


1) 


HHHtthtt htt @ 


STORAGE 


C REGISTER 
1234567890 


(ee ee ee ce es ed 


Ht ® 
= 


E 
REGISTER 


Figure 2-4. Input flow. 


1. The address part of the C register is transferred in 
parallel to the E register to provide the address of 
the location in which will be stored the information 
which is destined for storage. The manner in which 
the contents of the E register are counted up or 
down for successive input words varies with the in- 
struction being executed: on the one hand, (rC:04) 
may be counted up for each input word, after which 
it is transferred to rE; on the other hand, (rE) may 
be counted down. (See the flow chart in the descrip- 
tion of the appropriate Execute Phase for details.) 


2. The information is sent first to the D register where 
it is assembled as a word, digit by digit. 
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3. After each word is assembled it is transferred seri- 
ally to the information buffer register (except in the 
case of manual operations). See Handbook of Oper- 
ating Procedures for the BURROUGHS 220 for 
details. 

a. If the word is to go to storage, B-register ad- 
dress modification will occur if it is specified. 
b. If the word is to go to the C register, B-register 


address-modification is postponed until the entry 
to the Fetch Phase is made. 


. If the word is to go to storage, the contents of the 
information buffer register are transferred, in 
parallel, to the location whose address is in the 
E register. 


b. If the word is to go to the C register, where it 
will be interpreted as a new instruction, entry to 
the Fetch Phase is made at connector P. (See 
Figure 2-2.) in Figure 2-4 shows the input 
flow in this case. 


C REGISTER 


1234567890 


1444 
a 


INFORMATION BUFFER E REGISTER 
REGISTER 
ADDER 
+1234567890 @ = eG) iy | 
7 eee 


D REGISTER 


PTtttrerttt 


STORAGE Q) 


OUTPUT 
DEVICE 


Figure 2-5. Output flow. 


OUTPUT FLOW 
Figure 2-5 shows the output flow. 


1. The address part of the C register is transferred in 
parallel to the E register to provide the address of 
the location from which will be taken the first word 
destined for output. The manner in which the con- 
tents of the E register are counted up or down for 
successive output words varies with the instruction 
being executed: on the one hand (rC:04) may be 
counted up for each output word, after which it is 
transferred to rE; on the other hand, (rE) may be 
counted down. (See the flow chart in the description 
of the appropriate Execute Phase for details.) 


2. The information is first transferred in parallel from 
storage to the information buffer register. 
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3. The contents of the information buffer register are 
then transferred serially to the D register. 


4. The contents of the D register then pass serially 
through the adder to the output device. 


EXCEPTIONAL CONDITIONS 
1. The OVERFLOW Indicator may be turned on dur- 


ing the execution of several instructions (a list of 
them may be found on page 2-32). 


2. In those operations which can manipulate partial- 
word fields, one must have specified sL, the partial- 
word boundaries. If L>s+ 1, s=40, the partial-word 
will extend beyond the sign-digit position of the 
word. In this case field overflow is said to have oc- 
curred. This condition is detected by the Data 
Processor and results in a Program Check ALARM 
STOP. 


3. If the low-order digit position of the IB, A, R, D, or 
B register contains a configuration equivalent to one 
of the decimal numbers 10 through 15, it will be 
sensed as an error. A Digit Check ALARM STOP 


will occur. 


4. If an attempt is made to have access to a location 
not in the storage package (a nonexistent address) 
in the system, a Storage ALARM STOP will occur. 
For example, suppose the system has 3000 words of 
storage. An attempt to have access to location 4500 


will produce the ALARM STOP. 


5. If a nonexistent operation code is sensed in the 
operation-code part of the C register, a Program 


Check ALARM STOP will occur. 


6. If a COMPARISON Indicator is “‘off when it is 
interrogated (by a BRANCH, COMPARISON in- 
struction; see page 2-33, ff), a Program Check 
ALARM STOP will occur. 


THE EXECUTE PHASE 


The remainder of the Data Processor chapter is devoted 
to descriptions of the Execute Phase of each operation 
with which the Data Processor is concerned exclusively. 


HALT (HLT) 


Operation Code. 00 


+123456789 0 


Description of Operation. The Data Processor stops, ready 
to fetch the next instruction in sequence. The RUN indi- 
cator light is turned off. 


Instruction Format. 


Flow Chart. 


CLEAR rE, riB. 


TURN OFF RUN INDICATOR-LIGHT. 


STOP COMPUTER OPERATION. 
OPERATION COMPLETE. 


Exceptional Conditions. None. 


Remarks. 


1. Although the address field is not used for addressing 
purposes, B-register address-modification will occur 
if it is specified. No Storage ALARM STOP, due to 


use of a nonexistent address, can occur, however. 


2. Ifthe Data Processor senses an unassigned operation 
code at the beginning of the Execute Phase, an 
ALARM STOP will occur; the Data Processor will 
stop with the PROGRAM CHECK alarm-indicator 


light on. 


Register Status. 


| | Contents afier execution | 


Register Cc 
name of HALT 


Unchanged 


Unchanged 


ere ee : 2-t1A < : = 2 
| PBemre (RowSl Dcae Neccen Sate Dees ec ail ental sd in | 


Unchanged 


(rP), ape] 


i,i,i,i|0 ,0 | Bliiii 


Cleared 


NO OPERATION (NOP) 


Operation Code. O01 


+12345678090 


Description of Operation. Perform no operation: at the 
time the operation code is sensed at the beginning of the 
Execute Phase, the execution is complete; the Data Proc- 
essor proceeds to fetch the next instruction. 


Flow Chart. 


Instruction Format. 


CLEAR r€, riB. 


OPERATION COMPLETE. 
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The Data Processor 


Exceptional Conditions. None. 


Remarks. Although the address field is not relevant to the 
execution of this instruction, B-register address-modifica- 
tion will occur if it is specified. No Storage ALARM 
STOP, due to use of a nonexistent address, can occur, 
however. 


Register Status. 


Register Contents after execution 
name of NOP 


Unchanged 


Unchanged 


Unchanged 


(rP), a 1 


ENED FEN PLC 


Cleared 


CLEAR, ADD (CAD) 
CLEAR, ADD ABSOLUTE (CAA) 
10 


Operation Code. 


Instruction Format. 


Definitions. 
Vv: variation designator: 
v=0: CLEAR, ADD will be executed. 
v=1: CLEAR, ADD ABSOLUTE will be exe- 
cuted. 
aaaa: address of base of location of augend. 


Description of Operation. 


O: (B[aaaa]) replaces (rA). 
1: |(B[aaaa])| replaces (rA). 


Vv ==, 
v= 
Flow Chart. See page 2-8. 

Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 


Remarks. 


1. The CLEAR, ADD variation will be selected for exe- 
cution if v ~ 1. 


2. CAD loads the A register with a word exactly as the 
word appears in storage. 


The Data Processor 


CLEAR rE, riB. 
CLEAR rA. 
(rC:04) = B[aaaa] — rE. 


STORAGE 


(Blaaaa] ) —»riB. ALARM STOP. 


SET D SIGN-INDICATOR EQUAL TO 
(rIB:2£1)/T. 


CLEAR (rlB:£1)/1. 
ADJUST SUBTRACT INDICATOR. 
ADJUST RESULT SIGN INDICATOR. 


(rA) + (rIB) we rA. & (rA) + (rIB) —e A. 


(rIB) =» rD. (rIB) —w rD. 


RESTORE (rD:1)/1. 


SET (rA:+1)/1 TO 
SIGN OF RESULT. 


OPERATION COMPLETE. 


3: 


ou 


coseeeeu cel 


weoeowrnannd > £&NH NW © O&O 


OMAN AN HLH WN KH © 


Register Status. 


Register Contents after 
name execution of CAD 
A 


(B[aaaa] ) 


Unchanged 


(B[aaaa] ) 


Unchanged 
(rP), + 1 


ero oy Blgeag 


B[aaaa | 
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Register Contents after 
name execution of CAA 
A | (B[aaaa]) | 


Unchanged 


(B[aaaa]) 


Unchanged 


(rP), + 1 


Geers OC Ie 


B[aaaa | 


Register Cantents if Storage 
name ALARM STOP occurs 
A Cleared 
Unchanged 


Unchanged 
(rP), 4+ 1 


(Blaaaa]) 


CLEAR, SUBTRACT (CSU) 
CLEAR, SUBTRACT ABSOLUTE (CSA) 


Operation Code. 11 
ae es 5 6 7 


4 
ES ren eC 


Instruction F ormat. 


Definitions. 
v: variation designator: 
v=0: CLEAR, SUBTRACT will be executed. 
v= 1: CLEAR. SUBTRACT ABSOLUTE will 
be executed. 
aaaa: address of base of location of subtrahend. 


Description of Operation. 


v = 0: 


v=1: 
Flow Chart. See page 2-9. 
Exceptional Conditions. Storage ALARM STOP. 


(B[aaaa]) replaces (rA). 
|(B[aaaa])| replaces (rA). 


Remarks. 


l. The CLEAR, SUBTRACT variation will be executed 
ives I: 


CLEAR r€, riB. 
CLEAR rA. 
(rC:64) = Blaaaa] —» rE. 


SET RESULT SIGN-INDICATOR AND 
SUBTRACT INDICATOR EQUAL TO 1. 


STORAGE 


(Blacac]) > rIB. ALARM STOP. 


CLEAR (riB:2-1)'1. 


ADJUST RESULT SIGN-INDICATOR AND 
SUBTRACT INDICATOR. 


(fA) = (riB) —mrA. (rA) = (riB) —»rA. 


(rIB) —e rD. (riB) —» rD. 


RESTORE (rD:1)/1. 


SET (rA:£1)/1 TO 
SIGN OF RESULT. 


OPERATION COMPLETE. 


(BL aaaa]: +1) 


Ome N A OT BW NY KF CD 
OO aN FN NY W OC re 
Oo nNInonn WwW WwW ee 


Register Status. 


Register Contents after 
name execution of CSU 


— (B[aaaa]) 
Unchanged 
(B[aaaa] ) 


Unchanged 
(rP), “Fe 


rife TT BlgeagT| 


B[aaaa | 


The Data Processor 


Register Contents after 
name execution of CSA 


A {| —!(Blaaaa])! 
R Unchanged 
D (B[aaaa]) 
| B Unchanged 
P (cP)qcr Tf 
c tT Bip 
E B{aaaa | 


Register Contents if Storage 
name ALARM STOP occurs 


Cleared 


R Unchanged 

D 
B Unchanged 

P (rP), + 1 

Cc 

E 


eT TT BlpaapT 


B[ aaaa]| 


ADD (ADD) 


ADD ABSOLUTE 1 ADA) 
Operation Code. 12 


Instruction Format. 


Definitions. 


Vv: variation designator: 
= 0: ADD will be executed. 
= 1: ADD ABSOLUTE will be executed. 


aaaa: address of base of location of augend. 


Description of Operation. 
v=0: trA) + (Blaaaa])—rA. 
=1: (rA) + |(Bfaaaa])!—> rA. 
Flow Chart. See page 2-10. 
Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 


The Data Processor 


() CLEAR rE, riB. 

SET A SIGN-INDICATOR EQUAL 
TO (rA:+£1)/1. 

(rC:04) = Blaaaa] —rE. 
CLEAR rA:1. 


STORAGE 


(Bl aaaa])—» FB. ALARM STOP. 


SET D SIGN-INDICATOR EQUAL 
TO (rlB:+1)/1. 


CLEAR riB:+1, 


ADJUST SUBTRACT AND RESULT 
SIGN INDICATORS. 


(rA) + (rIB)—erA. (rA) + (1B) er. 


(rIB) —wrD. (r1B)—» rD. 


(.) ADJUST OVERFLOW INDICATOR. 
RESTORE (rD:+1)/1. 

SET (rA:£1)/1 EQUAL 

TO SIGN OF RESULT. 


O OPERATION COMPLETE. 


Remarks. 


1. The ADD variation will be executed if v ~ 1. 


2. The execution of both of these instructions can cause 
arithmetic overflow. in which case the OVERFLOW 


Indicator is set “on.” 


. If the result of an ADD or ADA instruction is zero. 
the sign of the result is the same as the one-bit of 
the sign digit in the A register before execution of 
the instruction. 


Register Status. 


Register Contents after 
name execution of ADD 
A 


(rA), + Bfaaaa]) 


Unchanged 

(B[aaaa])* 

Unchanged 

(rP), + 1 

i [2 Btgeagl 
B[aaaa ] 
name — execution of ADA 
A (rA), + (B[aaaa]) 
Unchanged 
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(B[aaaa])* 


Unchanged 


(rP),, + ] 


TTT Ble] 


B[aaaa | 


* (yD: 41) /2 = (rD:41)/4 = (rD:+1)/8 = 0: 
(rD:+1)/1 = (Blaaaal: =1)/1; (rD:00) = (Bfaaaal]:00) 


Contents if Storage 
ALARM STOP occurs 


Register 
name 


(rA:+1) =0; (rA:00), = 
(rA:00),, 


Unchanged 


i ee 
Unchanged 


(rP},y + 1 


(Bfaaaa]) 


SUBTRACT (SUB) 
SUBTRACT ABSOLUTE (SUA) 


Operation Code. 13 


Instruction Format. 


Definitions. 


variation designator: 
v= 0: SUBTRACT will be executed. 
v= 1: SUBTRACT ABSOLUTE will be exe- 


cuted. 


Vv: 


aaaa: address of base of location of subtrahend. 


Description of Operation. 


v=0: (rA) — (B[aaaa]) > rA. 
v=1: (rA) — |(Blaaaa])| > rA. 


Flow Chart. See page 2-11. 

Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Remarks. 


1. The SUBTRACT variation will be executed if v 1. 


2. The execution of both of these instructions can cause 
arithmetic overflow, in which case the OVERFLOW 


Indicator is set “on.” 


The Data Processor 


(rP) b te 1 
CLEAR rE, riB. 
SET A SIGN-INDICATOR EQUAL C i iii 
TO (rAz£1)/1, 
E B[aaaa | 


(rC:04) = Blaaaa] —=r€E. | | | 


SET SUBTRACT INDICATOR. 


CLEAR rA:+1. 
STORAGE | Register | Contents if Storage | 
7 ALARM STC ur 


(B[aaaa ]) —s-riB. ie aces presi os 
; : ALARM STOP. name ALA occurs 


SET D SIGN-INDICATOR EQUAL 
TO (rlB:1)/1. 


(rA: + 1), =0; (rA:00), = (rA:00) 
Unchanged 
3 ER Ea 
Unchanged 
(ePho seo 


Eee: 1 3]. Bfaaaa] 


(B[aaaa}) 


CLEAR riB:=1. 


ADJUST SUBTRACT AND RESULT 
SIGN INDICATORS. 


(FA) — (rIB) —e rA. (rA) — (rlB) —m_rA. 


(rIB) —e rD. 


(r1B) —e=rD. 


ADJUST OVERFLOW INDICATOR. 
RESTORE (rD:+1)/1. 


SET (rA:+1)/1 EQUAL 
TO SIGN OF RESULT. 


d OPERATION COMPLETE. _ MULTIPLY (MUL) 


+1234567839 0 


3. If the result of a SUB or SUA instruction is zero, Instruction Format. 
the sign of the result is the same as the one-bit of 
the sign digit in the A register before execution of Definitions. 


the instruction. ; scape 
aaaa: address of base of location of multiplicand. 


Reoister Status. ae ar 
Description of Operation. ‘Vhe twenty-digit-long algebraic 


product, the contents of B[aaaa] multiplied by the con- 
tents of the A register, is generated. The ten low-order 
digits of the product replace the contents of the R regis- 


(rA), — (B[aaaa]) ter; the ten high-order digits of the product replace the 
Unchanged contents of the A register. The sign of the product is in- 

serted in the sign-digit position in both the A and R 
(B[aaaa] )* registers. 


JInchanged 

pares Flow Chart. See page 2-12. 

(rP),, + ] . 
Exceptional Conditions. Storage ALARM STOP due to 


fi i i fo] 3 | Blaaaal | use of a nonexistent address. 


B[aaaa | Remarks. Execution time for MULTIPLY—exclusive of 

fetch time—is a function of the magnitude of the multi- 

plier, (rA),. It may be calculated from the following 

Register Contents after formula: 
name execution of SUA 


9 
T=90+ 535) Myus. 
k=0 


(rA), — |(B[aaaa])| 


Unchanged on 
(B[aaaa])* fords: M, = 1 if  (rA:kl) =0 
M, = 13 [(rA:k1)]+1 if 1 < (rA:kl) <5 


Unchanged 


M, = 13 [(11—(rA:kl1)] if 6 < (rA:k1) <9 


* (rD:21)/2 = (rD:+1)/4 = (rD:+1)/8 = 0; ; ; 
(rD:+1)/] = (Blaaaal:+1)/1: (rD:00) = (Blaaaa]:00). Hence, the following table: 
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The Data Processor 


(rP), 1 


B[aaaa | 


CLEAR rE, riB. 


(rC:04) = Blaaaa] ——rE. 
CLEAR rR. 


SET A SIGN-INDICATOR EQUAL 
TO (rA:H1)/1. 
CLEAR rA:241. 


STORAGE 
ALARM STOP. 


(rA:00) — rR. 
(riB) —erD. 


(Bl aaaa])—riB. 


ADJUST RESULT SIGN-INDICATOR. 


SET D SIGN-INDICATOR EQUAL TO 
(rD:1)/1. 


CLEAR rD:1. 
(rR:00) x (rD:00): 
10 LOW-ORDER DIGITS — FR: 
10 HIGH-ORDER DIGITS — FA. 
SET A SIGN-INDICATOR, 


(FA:E1)/1 AND (rR:£1)/1 
TO SIGN OF RESULT. 


RESTORE (rD:+1)/1. 


OPERATION COMPLETE. 


Register Status. 


Register Contents after 
name execution of MUL 


High-order digits of product 


Low-order digits of product 


(rR:+1), = (rA:41), 


(B[aaaa ] ) * 
Unchanged 
(rP), ae | 


tt | Bepeagl 


B[aaaa ] 


* (rD: +1) /2 = (rD:£1)/4 = (rD:41)/8 = 0; 
(rD:+1)/1 = (Blaaaa]:+1)/1; (rD:00) = (Blaaaa]: 00). 


Register Contents if Storage 
name ALARM STOP occurs 


(rA:+1), = 0; (rA:00), = (rA:00), 


Cleared 


Es Gree ECP 


Unchanged 


DIVIDE (DIV) 


Operation Code. 15 


+12345678 90 


= [hit plea 


Instruction Format. 


Definitions. 


aaaa: address of base of location of divisor. 


Description of Operation. The dividend is the twenty- 
digit number whose high-order digits are. the contents 
of the A register and whose low-order digits are the con- 
tents of the R register. The sign of the A register is taken 
to be the sign of the dividend; the sign of the R register 
is not relevant. 


The divisor is the contents of B[aaaa]. 


Before the arithmetic process is begun, the absolute value 
of the divisor is compared with the absolute value of the 
contents of the A register. Then: 


1. If the absolute value of the divisor is greater than 
‘the absolute value of the contents of the A register, 
the process of division begins. The process termi- 
nates when a ten-digit quotient has been generated: 
The quotient, with sign, replaces the contents of the 
A register. The remainder replaces the contents of 
the R register; the sign of the remainder is the same 
as the sign of the dividend. On the other hand, 


. If the absolute value of the divisor is less than or 
equal to the absolute value of the contents of the 
A register, the OVERFLOW Indicator will be set 
“on,” and the execution of the DIVIDE instruction 
will terminate, leaving the contents of the A and R 
registers unaltered. Depending upon the setting of 
the Overflow mode (see page 2-37), the operation 
either will halt or continue in sequence. 


Flow Chart. See page 2-13. 
Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 


Remarks. Execution time for DIVIDE—exclusive of fetch 
time—is a function of the magnitude of the quotient 
(rA),, if overflow does not occur. It may be calculated 
from the following formula: 


T = 3895 + 60S [(rA:2k+1,1), 
k=0 
= 3895 + 60 [(rA:11) — (rA:21) + (7A:31) — 
(rA:41) + (rA:51) — (rA:61) + (rA:71) — 
(rA:81) + (rA:91) — (rA:01) J. 


— (rA:2k, 0),] us 


Register Status. 


Register Contents after 
name execution of DIV 


Quotient | 


Remainder 
(B[aaaa |) * | 
Unchanged | 
(rP), + 1 


Er ATS] Bepaapl| 


B[aaaa | 


AO Vw hw 


* (rD:+1)/2 = 
(rD:+1)/1 = 


(rD:41)/4 = (rD:+1)/8 = 0; 


(Blaaaa]l:+1)/1; (rD:00) = (Blaaaa]:00). 


Contents if the OVERFLOW 
Indicator is set “on” 


Register 
name 


= one-bit 


One-bit (rA:+1), 


(rA:-+1), 
other bits (rA:+), = 0 
(rA:00), = (rA:00), 
R (rR:+1), = (rA:+1), 
(rR:00), = (rR:00), 
D (B[aaaa]) 
B Unchanged 
P (rP), + 1 
c ao 
E B[aaaa | 


Contents if Storage 
ALARM STOP occurs 


Register 
name 
A 


(rA:+1) = 0; (rA:00), = (rA:00),, 


R (rR:+1) 


(rR:00), 


(rA:+1), 
(rR:00), 


Es nr cl UCRNe 
Unchanged 
(rP), 5 ae 


it TS] Blpang]| 


B[aaaa | 
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The Data Processor 


CLEAR rE, rlB. 


(rC:04) = Blaaaa] —»rE. 
(rA:+1) ae rR 1. 


SET A SIGN-INDICATOR EQUAL TO (rA:1)/1 
AND CLEAR rA:£1. 


STORAGE 
ALARM STOP. 


(Blaaaa]) —.riB. 


ADJUST RESULT SIGN-INDICATOR. 


SET D SIGN-INDICATOR EQUAL TO 
(iB: Lij/1. 

| CLEAR riB:+1. 

SET SUBTRACT INDICATOR. 


(rA:00) — (rIB:00) = 
(rlB) —»rD. 


A 


) (rA, rR) + (rD): 

QUOTIENT er A. 
REMAINDER —>rR. 
(rAs£1)/1 IS SET TO 
Mice ye: (>) Set (rA:E1)/1 
RESTORE (rD:£1)/1. TO SIGN OF RESULT. 


RESTORE (rD:1)/1. 


(_) OPERATION COMPLETE. 


ROUND (RND) 


16 


Operation Code. 
+1234567890 
Litt i] phi iii | 


Description of Operation. 


Instruction Format. 


if (rR:ii) <5, ciear rh. 
If (rR:11) >5, |(rA)| is increased by + 0000 00 0001. 
Then rR is cleared. 


Flow Chart. 


CLEAR rf, riB. 


(_) SET A SIGN-INDICATOR EQUAL TO 
(FA: £1)/1. 


CLEAR rA:+1. 


(R:11) <5 | (@R:11) 25 
e 


CLEAR rR. 


[(rA)] + 0 0000 00 0001 —»rA 


ADJUST OVERFLOW INDICATOR. 
RESTORE (rA:+1)/1. 


() OPERATION COMPLETE. 


Exceptional Conditions. None 
Remarks. 


l. The execution of this instruction can cause arith- 
metic overflow, in ee case the OVERFLOW In- 


dicator is set to “on.” 


The Data Processor 


2. Although the address field is not relevant to the 
execution of this instruction, B-register address-mod- 
ification will occur if it is specified. No Storage 
ALARM STOP, due to use of a nonexistent address, 


can occur, however. 


Register Status. 


Register Contents after 
name execution of RND 


(rA),, rounded 
Cleared 


Ea ere Od 


Unchanged 
(rP) b Scare 


Cleared 


EXTRACT (EXT) 
17 


Operation Code. 
+1234567890 


Address of base of location of extractor. 


Instruction Format. 


Definition. 
aaaa: 
Description of Operation. Wherever the extractor—which 
is the contents of B[aaaa]—has an even digit, the cor- 
responding digit in rA is replaced by 0; wherever the ex- 


tractor has an odd digit, the corresponding digit in rA 
is not altered. 


Flow Chart. 


CLEAR rE, riB. 


(rC:04) = Blaaaa] —» rE. 


STORAGE 


(Blaaaa]) > riB. ALARM STOP. 


(rD:01)/1=1 | (rD:01)/1=0 


(_) CLEAR rA:01. 


() CIRCULATE (rA) AND (rD) ONE DIGIT- 
POSITION TO THE RIGHT. 


ALL DIGIT 


ORE DIGIT POSITIONS 
POSITIONS EXTRACTED 


TO BE EXTRACTED. 


( ) OPERATION COMPLETE. 
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Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 


Register Status. 


Register Contents after 
name execution of EXT 


See description of operation 
Unchanged 

(B[aaaa ] ) 
Unchanged 
(rP), + 1 


rT t Bang) 


B[aaaa | 


Register Contents if Storage 

name ALARM STOP occurs 
Unchanged 
Unchanged 


Sane. 


Unchanged 
(rP), Se! 


tT] _Blgeagl] 


B[aaaa] 


COMPARE FIELD A (CFA) 
COMPARE FIELD R (CFR) 


Operation Code. 18 


+12345678090 


Es cre ara ceeeeees 


Instruction Format. 


Definitions. 


s: partial-word designator: 
f=0: 
f= 1: s designates the position, within the 
word, of the low-order digit of each partial-word 
operand. 


s is not relevant. 


partial-word designator: 
f= 0: Lis not relevant. 


f= 1: L specifies the number of digits in each 
partial-word operand. 


f: field designator: 
f= 0: entire words will be used as operands. 
f= 1: the contents of the partial-word fields 
defined by digits s and L will be used as oper- 
ands. 

v: variation designator: 
v=0: COMPARE FIELD A will be executed. 
v=1: COMPARE FIELD R will be executed. 

aaaa: address of base of location of comparator. 


Description of Operation. v = 0: COMPARE FIELD A 
will be executed. Compare the contents of the specified 
field in the A register with the corresponding field in 
B[aaaa]. According as the contents of the specified part 
of the A register are greater than, equal to, or less than, 
the corresponding part of B[aaaa], set the COMPARI- 
SON Indicator to HIGH, EQUAL, or LOW. 


v = 1: COMPARE FIELD R will be executed. 


Except that the R register is used, this variation is iden- 
tical with the one specified by v = 0. 


Flow Chart. 


(r1B)—>rD. 
SET SUBTRACT INDICATOR. 


R) — (rD) =A. rA:st) — (rD:sb (rR:sL) 
met O Y ae O = (Dal) 
=A: 


SET COMPARISON SET COMPARISON 
INDICATOR EQUAL. INDICATOR HIGH. 


CLEAR rE, riB. 


(rC:04) = Blaaaa}] —= rE. 


CLEAR COMPARISON INDICATORS. 


(B[aaaa])—rIB. STORAGE ALARM STOP. 


SET COMPARISON 
INDICATOR LOW. 


(rC:21) = 0, 


(rC:21) + 0, 
f=1;OR#=0. | f=1. 


() PROGRAM CHECK - 
ALARM STOP.* 


(_) OPERATION COMPLETE. 


*IF f = 1, AS EACH DIGIT OF THE PARTIAL-WORD DIFFERENCE IS GENERATED, 

L [ive., (rC:21)] IS COUNTED DOWN. IF, AT THE START, L >s + 1, s==0, THEN 
AT THE END OF THE COMPARISON (rC:21) WILL BE DIFFERENT FROM ZERO, AND 
FIELD OVERFLOW WILL BE DETECTED. 


Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 


address. 


2. Program Check ALARM STOP due to field over- 


flow. 


The Data Processor 


Remarks. 


1. The COMPARE FIELD A variation will be executed 
ifv~l. 


2. If f is an even integer, this has the same effect as 
f = 0; if f is an odd integer, this has the same 
effect as f = 1. 


3. a. If the sign-digit position of a word is not in- 
cluded in the field specified as operand, then the 
comparison may be considered to be made with 
respect to the absolute value of each operand. On 
the other hand, 


. If the sign-digit position of a word is included in 
the field specified as operand, then the compar- 
ison is algebraic, in which case ithe conients of 
the sign-digit position are regarded as having the 
following order: 


a <2 LO 1 6 <0 4 ee <8, 
Hence, 3 9999 99 9999 < ... < 3 0000 00 0000 
< 2 9999 99 9999 < ... < 2 0000 00 0000 < 


1 9999 99 9999 < ... < 1 0000 00 0000 < 
0 0000 00 0000 < ... < 0 9999 99 9999 < 
7 0000 00 0000 < ... < 7 9999 99 9999 < 
6 0000 00 0000 < ... < 6 9999 99 9999 < 
39 0000 00 0000 < ... < 5 9999 99 9999 < 
4 0000 00 0000 < ... < 4 9999 99 9999 < 
8 0000 00 0000 < ... < 8 9999 99 99990 < 


9 0000 00 0000 < ... < 9 9999 99 9999. 


. One consequence of the ordering described above 
is that the sign digit must never be included in 
a comparison field if that field is alphanumeric; 
otherwise, the inverse of the natural alphabetic 
order will be determined. 


. A second consequence of the ordering described 
above is that + 0000 00 0000 > — 0000 00 
0000. 


. The order relationships of the content of the sign- 
digit position were determined as follows: the prin- 
cipal requirement is that negative numbers shall 
precede positive numbers; hence, 1 < 0. A second 
requirement—sorting—is that alphanumeric infor- 
mation shall precede numeric; hence 2 < 1 < 0. 
The remaining order relationships are just by-prod- 
ucts of the way in which the required ordering of 
2, 1, and 0 is achieved. The technique used is known 
as the “three’s complement” method: the ]-bit and 
the 2-bit of the sign digit are complemented if, and 
only if, the 8-bit is 0. The results are displayed in 
the following table: 


The Data Processor 


Decimal 
Equivalent 
(= order) 


Three’s 
Comple- 
mented 


Decimal 
Digit in Sign 
Position 


Binary 
Represen- 
tation 


oOo worn n nN OY ND WwW 
OANA NFP WN KF O&O 


Register Status. 


Register Contents after execution 
name of either CFA or CFR 


Unchanged 


Unchanged 
(B[aaaa]) 

Unchanged 
(rP), + 1 


B[aaaa | 


Contents if Storage 
ALARM STOP occurs 


Register 
name 


A Unchanged 


Unchanged 


Unchanged 
( rP) b + ] 


B[aaaa] 


Register Contents after Program 
name Check ALARM STOP occurs 
A Unchanged 
Unchanged 


(B[aaaa]) 
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Unchanged 
( rP ) b + 1 


ro TFT, a] Bigengl | 


B[aaaa | 


*L—s—l 


ADD TO LOCATION (ADL) 
Operation Code. 19 


+123456789 0 


Instruction Format. 


Definition. 


aaaa: address of base of location of augend. 


Description of Operation. (rA) + (B[aaaa]) > B 
[aaaa]. 
Flow Chart. 

CLEAR rE, riB. 


(rC:04) = B{aaaa] —» rE. 


SET A SIGN-INDICATOR EQUAL 
TO (rA:11)/1. 


CLEAR rA:£1. 


STORAGE 
ALARM STOP. 


(Blaaaa]) —» riB. 
(rlB) —» rD. 


SET D SIGN-INDICATOR EQUAL 
TO (rD:+1)/1. 


ADJUST SUBTRACT INDICATOR. 
CLEAR rD:2+1. 


(rA) + (rD) —» rD. 
(rA) + (rD) —> iB. 


ADJUST QVERFLOW INDICATOR. 


SET (rD:-£4)/1 AND (rIB:1)/1 
TO SIGN OF RESULT. 


SET (rA:£1)/1 EQUAL 
TO A SIGN-INDICATOR. 


(riB) —* Bl aaaal. 


OPERATION COMPLETE. 


Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 
Remarks. 


1. The execution of this instruction can cause arith- 
metic overflow, in which case the OVERFLOW In- 


dicator is set to “‘on.” 


2. The arithmetic operation of ADL is essentially the 
same as that of ADD. 


Register Status. 


Register 
name 


Contents after 
execution of ADL 


Unchanged* 
Unchanged 
(rA), + (B[aaaa]) 
Unchanged 
(rP),, +1 
FR 


B[ aaaa | 


5 a Se = SL = eR coe = 


* Except that (rA:+1)/2 = (rA:41)/4 = (rA:+11/8 = 0. 


Register | Contents if Storage 
name ALARM STOP occurs 


(rA:+1) = 0, (rA:00), = 
(rA:00),, 


Unchanged 


Unchanged 


R 
D 
B 
P 


(rP\, + 1 


TTT Repel] 


Bfaaaa] 


INCREASE B, BRANCH (IBB) 
Operation Code. 20 


+12345678 9.0 


Instruction Format. 


Definitions. 


nnnn: modifier for the contents of the B register. 
aaaa: address of base of location containing alternate 
instruction. 


Description of Operation. Increase (rB) by nnnn. If no 
overflow occurs, set (rP) = B[aaaa] (i.e., prepare to 
branch to location containing alternate instruction) ; if 
overflow occurs, control continues in sequence. Overflow 
of the B register does not set the OVERFLOW Indicator 


x4 


on 


29 
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The Data Processor 


Flow Chart. 


( ) CLEAR rE, riB. 


( ) (rB) + (rC:44)—o4B. 
b 


NO 
OVERFLOW. | OVERFLOW 


C ) (rC:04)—»rP. 
sean COMPLETE. 


Exceptional Conditions. None. 


Remarks. The following statement embodies a method for 
determining whether branching will occur: if (rB), > 
(rB),, branching will occur; if (rB), < (rB),, control 


continues in sequence.. 


Register Status. 


Contents after 
execution of IBB 


Register 
name 


Unchanged 
Unchanged 


T 1 Yes. ¢ 
LOW-Order Qiz1ts O1 SUIT, 


S = (rB), + nnnn 


(rP), + 1,ifS > 9999 (overflow) 
B[aaaa], if S < 9999 (no overflow) 


Cleared 


Examples. 

1. (rP), = 0412 
(rB), = 9984. 

(rC) = 0001 20 0396 
(rB), = 9985 

(cP), = 0396 
(Branch; no overflow) 

2: (rP), = 0412 
(rB), = 9997 

(rC) = 0005 20 0396 

(rB), = 0002 

(rP), = 0413 


(No branch; overflow) 


The Data Processor 


DECREASE B, BRANCH (DBB) 


Operation Code. 21 


1234567890 


Instruction Format. 
Definitions. 
modifier for the contents of the B register. 


nnnn: 


address of base of location containing alternate 
instruction. 


aaaa: 


Description of Operation. Decrease (rB) by nnnn. If no 
underflow occurs set (rP) = B[aaaa] (i-e., prepare to 
branch to location containing alternate instruction); if 
underflow occurs, control continues in sequence. 


Flow Chart. 


(_) CLEAR rE, ri. 


rT — (fr: B. 
( ) Gey (rC:44)—mr 


x]NO 
ines Ree 


( ) OPERATION COMPLETE. 


(rC:04)—erP, 


*WHEN UNDERFLOW DOES OCCUR, THE COMPLEMENT OF THE ALGEBRAIC 
DIFFERENCE (rB), — (rC:44), WILL APPEAR IN rB. 


Exceptional Conditions. None. 


Remarks. The following statement embodies a method for 
determining whether branching will occur: if (rB), < 
(rB),, branching will occur; if (rB), > (rB),, control 
continues in sequence. 


Register Status. 


Contents after 


Register 
name 


execution of DBB 
A Unchanged 


Unchanged 


Low-order digits of D = 


IrB,| — |nnnn| 


(rB), + 1, if underflow 


B[aaaa], if no underflow 


bmn A, Bepaagl] 


Cleared 


R 
D 
B 
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Examples. 

i (rP),, = 0412 
(rB), = 0006 

(rC) = 0002 21 0396 

(rB), = 0004 
(P= 0396 
(Branch; no underflow. ) 

2. (rP), = 0412 
(rB), = 0002 

(7G). <= 0005 21 0396 
bhi 9997 

(rP), = 0413 


(No branch; underflow. ) 


FLOATING ADD (FAD) 
FLOATING ADD ABSOLUTE (FAA) 
Operation Code. 22 

+1234567890 


ES Iva Cd ON CAINE 


Instruction Format. 


Definitions. 

n: normalizing limiter. 

vs variation designator: 
v= 0: FLOATING ADD will be executed. 
v= 1: FLOATING ADD ABSOLUTE will be 
executed. 


aaaa: address of base of location of augend. 


Description of Operation. Both variations treat the oper- 
ands like floating-point numbers: 

v=0: (rA) + (B[aaaa]) > rA. 

v=1: (rA) + (Bfaaaa])|} > rA. 


Let m be the number of digit positions through which the 
sum is shifted to obtain the sum in normalized form. If 
m > n, the Data Processor will halt at the end of the 
Execute Phase. n = 8, 9, or 0 (where 0 means 10) is 
meaningless and irrelevant. 


Flow Chart. See page 2-19. 
Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 
Remarks. 


1. The FLOATING ADD variation will be selected for 


execution if v -4 1. 


. The execution of these instructions can cause arith- 
metic overflow. in which case the OVERFLOW In- 
dicator will be turned “on.” Arithmetic overflow 
occurs when the machine-coded exponent exceeds 99. 


3. If the result of a FAD or FAA instruction is zero, 
the A register—which will contain the sum—is 
cleared. Hence, a zero sum has the form + 00 0000 
0000, that is, 0 « 10-*°. 


4. In adjusting the exponents so that addition can take 
place, low-order digits of one of the operands—the 
one whose exponent is smaller—are lost. Rounding 
does not occur; that is, the highest-order digit dis- 
carded is not examined to determine whether the 


low-order digit retained should be increased by 1. 


CLEAR rE, riB. 
(rA:91) —& (rA:01) 
SET SUBTRACT INDICATOR ON. 


(rC:04) = Blaaaa] —> rE. 


STORAGE 
P. (Bfaaaa]) —> riB. 
a Ste CLEAR rA:2£1. 
(r1B) —> rD. 


() ADJUST SIGN AND 
SUBTRACT INDICATORS. 


CLEAR rD:1. 


(rA:22) =e Ax. 
(rD:22) —™ Dx. 


CLEAR rA:22. 
CLEAR rD:22. 


(Ax) < (Dx) 


(Ax) > (>| (Ax) = (Dx) 


(Dx) + 1—™ Dx (Ax) + 1 om Ax 


(rD:91 — rD:01 
(rD:81 ) —w1D:91 


(rA:91) ee rA:01 
(rA:81 ) —orA:9] 


. 


(rD:£1)mrD:11 


(rA:E 1) <—rA:1 1 


SET (rD:+1) = 0. SET (rA:+1) = 0. 


(Dx) — rD:22 
x) Wee (Ax) 1rA:22 
SET (rA:£1)/1 
EQUAL TO SIGN 
OF RESULT. 


OPERATION 
COMPLETE. 


SET (rD:+1)/1 
EQUAL TO SIGN 
OF RESULT. 


(rD) —orA 
CLEAR rD:+1. 


OPERATION 
COMPLETE. 
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The Data Processor 


5. During the normalization process the number of 
digit positions, m, through which the sum is to be 
shifted is determined. If m > n, n + 8, Y, or 0, 
where n is the normalizing limiter, then (rC:11), 
= 10 = (m— n)s iim = na, GGA), = 0. Ifa 
= 8,9, or 0, (rC:11), = 0. 


After normalization, if (rC:11) +4 0, the Single Step 
Toggle (SST) will be turned on. Whenever SST is turned 
on, the Data Processor will stop at the end of the cycle— 
Fetch Phase or Execute Phase—and wait for a signal to 
resume (automatic) operation. 


(rA) + (rD) —~ rA. 


DECOMPLEMENT RESULT, 
IF NECESSARY. 


~ (A21) #0 
(Ax) = 99 


(rA:21) #0 


(rA:21) = 0 | (Ax) < 99 


SET OVERFLOW 


(Ax) + 1 —»Ax 


INDICATOR ON. 
(rA:91 ) —>rA:01 
(rA:81) —erA:91 OPERATION 
: COMPLETE. 


(rA:=E 1)——rA:11 


SET (rA:t1)= 0. 


DETERMINE IF NORMAL- 
IZING LIMITER IS 
EXCEEDED. 


NORMALIZING 
LIMITER 
EXCEEDED. 


SET SINGLE STEP 


TOGGLE ON. 


(rA:31) = 0 
(Ax) = 00 


(rA:31) = 0 
(Ax) 0 


(rA:31) #0 


(Ax) — 1—» Ax 


(rA:11) —»rA:o1 
(rA:21) —~rA:11 


. 


(rA:01) —=rA:91 
(tA: +1) rA:01 


TALLY 1 


TALLY 
=8 


TALLY 
#8 


(_) CLEAR rA. 


(_) (Ax) —=rA:22 
(UNDERFLOW) 


(Dx) —~ rD:22 


SET (rA:#1)/1 
EQUAL TO SIGN 
OF RESULT. 


(_) OPERATION COMPLETE. 


( ) OPERATION 
COMPLETE. 


The Data Processor 


Register Status. 


Register Contents after 
name execution of FAD 


(rA), + (B[aaaa] ) 


Unchanged 

LL, of0,0,0,0,0,0,0,0 
Unchanged 
(rP);.- 1 


OTe, [oye [ BlgaagT| 


B[ aaaa | 


Register Contents after 
name execution of FAA 
A (rA), + (B[aaaa]) 
Unchanged 


Unchanged 


(rP), + 1 


ole 2,2 | Blase 


B[aaaa] 


Contents if Storage 
ALARM STOP occurs 


Unchanged 


Unchanged 


Ec Gd ka ed Ce 


Unchanged 
(rP )p cae | 


[ht [e[2,2 | Blaaagl| 


B[aaaa] 


Contents if OVERFLOW 
Indicator is “on” 


Unnormalized sum without exponent 


Register 
name 


Unchanged 
Cleared 
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Unchanged 
(rP) b sok 


seed de 


B[aaaa] 


Contents if HALT 
occurs 


Nomalized sum 


Unchanged 


Unchanged 
(rP), + 1 


PT PP 2 [ataeaal 


B[aaaa ] 


*10 — (m — n). 


FLOATING SUBTRACT (FSU) 
FLOATING SUBTRACT ABSOLUTE (FSA) 
Operation Code. 23 


+1234567890 


Instruction Format. 
=|n fi ifv[O pfajaiaia 


Definitions. 

n: normalizing limiter. 

v: variation designator: 
v=0: FLOATING SUBTRACT will be exe- 
cuted. 
v=1: FLOATING SUBTRACT ABSOLUTE 
will be executed. 

aaaa: address of base of location of subtrahend. 


Description of Operation. Both variations treat the oper- 
ands like floating-point numbers: 


(rA) — (B[aaaa]) > rA. 
(rA) — |(B[aaaa])| > rA. 


v=—0: 


v=]: 


Let m be the number of digit positions through which 
the difference is shifted to obtain the difference in normal- 
ized form. If m > n, the Data Processor will halt at the 
end of the Execute Phase. n = 8, 9, or 0 (where 0 means 
10) is meaningless and irrelevant. 


Flow Chart. See page 2-21. 
Exceptional Conditions. ALARM STOP due to use of a 


nonexistent address. 


STORAGE 
ALARM STOP. 


(Dx) + 1 —»Dx 


(rD:91) —» rD:01 
(rD:81) =» rD:91 


(rD:£1)<rD:11 


(rD) = 0 | (D) #0 


(Ax) —e rA:22 
SET (rA:£1)/1 
EQUAL TO SIGN 
OF RESULT. 


OPERATION 
COMPLETE. 


Remarks. 


SET (rD:£1) = 0. 


CLEAR rE, riB. 


SET A SIGN-INDICATOR 


= (rA:+1)/1. 


(rA:91) =p (rA:01). 


(Blaaaa]) —s riB. 
CLEAR rA:ci. 


(rIB) —erD. 


ADJUST SIGN AND 
SUBTRACT INDICATORS. 


CLEAR rD:+1. 


(TA:22) me Ax. 
(rD:22) —» Dx. 


CLEAR rA:22. 
CLEAR ©D:22. 


(Ax) + }—m Ax 


(rA:91) —erA:01 
(rA:81) —erA:91 


(FA: 1) =r A:11 


SET (rA:£1) = 0. 
(rA) = 0 | (rA) #0 


(Dx) —»rD:22 
(Ax) —rA:22 


SET (rD:1)/1 
EQUAL TO SIGN 
‘OF RESULT. 


(rD) —= rA 
CLEAR rD:1. 


OPERATION 
COMPLETE. 


1. The FLOATING SUBTRACT variation will be se- 


lected for execution if v ~ 1. 


2. The execution of these instructions can cause arith- 
metic overflow, in which case the OVERFLOW In- 


dicator will be turned “on.” Arithmetic overflow 


occurs when the machine-coded exponent exceeds 99. 


The Data Processor 


} (rA) — (cD) —-rA. 


() DECOMPLEMENT RESULT, 
IF NECESSARY. 


(Ax) + i —-Ax 


(rA:21) #0 
(Ax) < 99 


(rA:21) #0 
(Ax) = 99 


(rA:21) = 0 


SET CYERFLOW 


INDICATOR ON. 
(rA:91) —+rA:01 
(rA:81) —=rA:91 OPERATION 
. COMPLETE. 


. 


(FA: £1) AsV) 
SET (rA:+1) = 0. 


DETERMINE IF NORMAL- 
IZING LIMITER IS 
EXCEEDED. 


NORMALIZING 
LIMITER 
EXCEEDED. 


SET SINGLE STEP 
TOGGLE ON. 


; (rA:31) = 0 (rA:31) = 0 
(rA:31) #0 | (Ax) = 00 (Ax) ¥ 00 


(Ax) — I—=Ax 


(fA: V) ee PAs +7 
(tA:21)—=—rA:11 


(rA:01)—rA:91 
(rA:£1)—~rA:01 


TALLY 1 


TALLY 
#8 


TALLY 
=8 


CLEAR rA. 


(Ax) —=1A:22 
(UNDERFLOW) 


(Dx) —*+D:22 


SET (rA:£1)/1 
EQUAL TO SIGN 
OF RESULT. 


( ) OPERATION COMPLETE. 


OPERATION 
COMPLETE. 


3. If the result of a FSU or FSA instruction is zero, 
the A register—which will contain the difference— 
is cleared. Hence, a zero difference has the form 


+ 00 0000 0000, that isO & 10°*°. 


4. In adjusting the exponents so that subtraction can 
take place, low-order digits of one of the operands— 
the one whose exponent is smaller—are lost. Round- 
ing does not occur; that is, the highest-order digit 
lost is not examined to determine whether the low- 
order digit retained should be increased by 1. 


The Data Processor 


5. During the normalization process the number of 
digit positions, m, through which the difference is 
to be shifted is determined. If m > n, n= 8, 9, or 
0, where n is the normalizing limiter, then (rC:11), 
= 10 — (m — n); if m = n, (r€:11), = 0. 
If n 8, 9, or 0, (rC:11), = 0. 


After normalization, if (rC:11) + 0, the Single Step 
Toggle (SST) will be turned “on.” Whenever SST is 
turned on, the Data Processor will stop at the end of the 
cycle—Fetch Phase or Execute Phase—and wait for a 
signal to resume (automatic) operation. 


Register Status. 


Contents after 
execution of FSU 


(rA), — |(B[aaaa]) | 
Unchanged 


OTT, O]0,0,0,,0,0,0, 0,9 


Unchanged 


(rP), + 1] 


ole [ozs | Blagg] 


B[aaaa | 


Contents after 
execution of FSA 


(rA), — (B[aaaa]) 
Unchanged 


or, o]0,0,0,0,0,0,0,0 


Unchanged 
(rP), a 0 


Or Es | Blyaal 


B[ aaaa | 


Contents if Storage 
ALARM STOP occurs 


Unchanged 


Register 
name 


Unchanged 


ehh sla aye 


Unchanged 


(rP) b =f 1 
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Ti ]2, 3] Blasi 


B[aaaa | 


Contents if OVERFLOW 
Indicator is “on” 


Register 
name 
A 


Unnormalized difference 
without exponent 


Unchanged 
Cleared 

Unchanged 
(rP), + 1 


TT [ye 5] Bla 


B[aaaa] 


Contents if HALT 


Register 
name 
A 


occurs 


Normalized difference 


Unchanged 


Unchanged 
(rP) b te 1 


Te L BtapaaT] 


B[aaaa] 


FLOATING MULTIPLY (FMU) 
Operation Code. 24 


a P23 


4567890 


Instruction Format. 


Definition. 


aaaa: address of base of location of multiplicand. 


Description of Operation. This instruction treats the op- 
erands like floating-point numbers: 


The floating-point product, (rA) x (B[aaaa]), is gen- 
erated. The two-digit exponent and the eight high-order 
digits of the product’s mantissa replace the contents of 
the A register. The seven or eight low-order digits of the 
product’s mantissa are inserted in the high-order end of 
the R register with the three or two low-order digit posi- 
tions of the R register set to zero. The sign of the product 


is inserted in the sign-digit position in both the A and 


R registers. 


Flow Chart. 
O CLEAR rE, rIB, 
(rC:04) = Bl aaaa] —> rE. 
CLEAR rR AND rA:+1. 
SET RESULT SIGN-INDICATOR 
EQUAL TO (rA:+1)/1. 
hapa CAC. ie lsoes) ee: 


(Ax) < 00 | 00 = (Ax) = 99 | 


CLEAR rA. 
CLEAR rR. 
(UNDERFLOW) 


OPERATION 
COMPLETE. 


(rA:31) <0 (rA:31) = 0 
AND OR 
(rD:31 +0 (rD:31) =0 | 


CLEAR rA AND rr. 
(PRODUCT = 0} 


() OPERATION COMPLETE. 
ADJUST RESULT 


SIGN-INDICATOR. 
CLEAR rD:£1. 


(rA:22) —— Ax 
(rD:22) —»Dx 


CLEAR rA:22 
CLEAR rD:22 


(rA:01) =<» rR:91 
(rA:91) —> rR:81 


(rA:31 ) — rR:21 


SHIFT AND CIRCULATE 
(rD) TWO PLACES LEFT. 


SHIFT (rR) ONE PLACE 
TO THE RIGHT. 


(Ax) + (Dx) — 50 —» Ax. 


(Ax) > 99 


SET OVERFLOW 
INDICATOR ON. 


OPERATION 
COMPLETE. 


(fR:08) X (rD) -e rA, FR. 
(THIS IS THE SAME OPERATION 
AS IN THE FIXED POINT MULTI- 
PLICATION CYCLE, EXCEPT THAT 
THE MACHINE DECIMAL POINT IN 
rR iS BETWEEN rR:21 AND rR:31.) 


CLEAR rA:1. 


The Data Processor 


(rA:11) = 0 
(rA:11) 0 AND 


(rA:11) = 0 


NORMALIZE PRODUCT: 
SHIFT (rA, rR) TWO 
PLACES TO THE 
RIGHT. 


() CLEAR FA. 
CLEAR rR. 
(UNDERFLOW) 


CLEAR RESULT 
SIGN-INDI- 
CATOR. 


SET (rA:12) = 00. 


NORMALIZE PROD- 
UCT: SHIFT 

(rA, rR) ONE 
PLACE TO THE 
RIGHT. 


SET (rA:=1) =0. 
(Ax) — l—~ Ax 


(Ax) — rA:22 


SET (rA:#1)/1 AND 
(FR:1)/1 TO RESULT 
SIGN-INDICATOR. 


OPERATION COMPLETE. 


Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 


address. 


2. “Spurious exponent overflow” can occur in case ex- 


ponent arithmetic—which takes place before the 
mantissas are multiplied—yields 100 for the ad- 
justed sum of the exponents of (rA) and (B[aaaa]): 
if the adjusted sum of these exponents is 100, the 
OVERFLOW Indicator is turned “on,” even though 
normalization of the product might yield a valid ex- 
ponent, namely, 99, and the Execute Phase is ter- 


minated. 


For example, suppose (rA) = 0 75 1000 0000 = 
(aaaa); the instruction is 0 0000 FMU aaaa. The 
execution of this instruction should yield (rA) = 
0 99 1000 0000. Instead, the OVERFLOW Indicator 


2 


is turned “‘on.’ 


Remarks. 


1. Exponent overflow can occur, in which case the 


OVERFLOW Indicator is turned “on.” 


. Exponent underflow causes both the A and R regis- 


ters to be cleared, but is not otherwise indicated. 


. In case the mantissa of either operand is not nor- 


malized—in which case at least one of (rA:31) and 
(rD:31) is Q—it is assumed that the product will 
be zero. The operation is terminated as soon as this 
condition is determined to exist—85 ps are required 
—with the A and R registers cleared. 


The Data Processor 


4, In normalizing the product, the A and R registers 
are shifted together one or two places to the right 
(see flow chart). Hence, the R register will contain 
either seven or eight low-order digits of the prod- 
uct’s mantissa. It is not possible to predict which will 
be the case unless one knows the magnitudes of the 
raultiplier and multiplicand. 


Register Status. 


Register Contents after 
name execution of FMU 


Exponent and eight high-order 
digits of product 


Low-order digits of product as 


described 
(B[aaaa])* 


Unchanged 
(rP) b Za 1 


IC 


B[ aaaa | 


* However, (rD:+1) = 0; that is, the sign digit of the multipli- 
cand may not be restored. 


Contents if Storage 
ALARM STOP occurs. 


Unchanged 
Unchanged 


ES EE EP CP 


Unchanged 
(rP), + 1 


tte | Blea) 


B[aaaa] 


Contents if (exponent) 
overflow occurs during 
exponent arithmetic 


Register 
name 


Cleared 


(rR:23) = 000; (rR:08), 
= (rR:08), 


(rD:+1) = 0; 
(rD:08),; (rD:02) 


Unchanged 


(rD:88), = 
= 00 


(rP), me! 


fi,i,i,i[2 4] Blaaaal| 


(B[aaaa]) 


Contents if (exponent) 
underflow occurs 


Cleared 
Cleared 


(rD:23) = 000; (rD:86), 
= (rD:06),; (rD:02) = 00 


Unchanged 
(rP), + 1 
(B[aaaa |) 


FLOATING DIVIDE (FDV) 
20 


Operation Code. 
+1234567890 


=i ]0pleaae 


Instruction Format. 


Definition. 


aaaa: address of base of location of divisor. 


Description of Operation. This instruction treats the oper- 
ands like floating-point numbers: 


Dividend: Exponent is (rA:22); high-order digits of 
mantisaa are (rA:08), low-order digits of mantissa are 


(rR:88). 
Divisor: (B[aaaa]). 


Quotient: Exponent is (rA:22); high-order digits of 
mantissa are (rA:08); low-order digit(s) of mantissa is 


(are) (rR:11) [(rR:22) ]. 


Remainder: 
register. 


The low-order digit positions of the R 


Flow Chart. See page 2-25. 


Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 


address. 


. “Spurious exponent underflow” can occur in case 
exponent arithmetic—which takes place before the 
mantissas are divided—yields the equivalent of — 


for the adjusted difference of the exponents of (rA) 


2-24 . 


CLEAR rE, riB. 


(rC:04) = Blaaaa] —rE. 


SET RESULT SIGN-INDICATOR 
EQUAL TO (rA:+1)/1. 


CLEAR rA:+1. 


STORAGE (Blaaaa] ) —» iB. 
ALARM STOP. 


{r18} ater D. 


ADJUST RESULT 
SIGN-INDICATOR. 


(rA:31) = 0 
AND 


(rA:31) #0 
AND (rD:31) = 0 
(rD:31) #0 


(_) SET OVERFLOW 
INDICATOR ON. 
(DIVISOR = 0) 


C) CLEAR rA. 
CLEAR FR. 
(QUOTIENT = 0) 


(_) OPERATION 


(_) OPERATION 
COMPLETE. 


COMPLETE. 


(tA:22) —™ Ax 
(rD:22) —m Dx 


CLEAR +A:22. 


CLEAR rD:22. 
CLEAR rD:41. 


(Ax) + 50 — (Dx) ——m Ax 


SET OVERFLOW 


() SHIFT (rA, rR) 
INDICATOR ON. 


ONE PLACE TO 
THE RIGHT.* 


() CLEAR A. 
CLEAR rR. 
(UNDERFLOW) 


() OPERATION 


C) OPERATION (rA, rR) = (rD): COMPLETE. 
COMPLETE. QUOTIENT —erA 
REMAINDER —> rR 


(rA:11) = 0 
(rA:11) = 0 AND 
(Ax) < 99 


(rA:11) #0 
AND 
(Ax) = 99 


NORMALIZE QUOTIENT: SET OVERFLOW 


SHIFT (rA, rR) ONE INDICATOR ON. 
PLACE TO THE RIGHT.** 
OPERATION 
COMPLETE. 


(Ax) + 1—mAx 


NORMALIZE QUOTIENT: 
SHIFT (rA, rR) TWO 
PLACES TO THE RIGHT.*** 


(Ax) —w rA:22 
(Dx) —» rD:22 


SET (rA:+#1)/1 TO 
RESULT SIGN-INDICATOR. 


() OPERATION COMPLETE. 


*Exponent adjustment is made at the end of the operation if required. 
**Then (rR:11) is the low-order digit of the quotient. 
***Then (rR:22) are the two low-order digits of the quotient. 


The Data Processor 


and (B[aaaa]): if the adjusted difference of these 
exponents is — 01, the A and R registers are cleared, 
and the Execute Phase is terminated, even though 
normalization of the quotient might yield a valid ex- 
ponent, namely, 00. 


For example, suppose (rA) = 0 00 1000 0000 and 
(aaaa) = O 51 1000 0000; the instruction is 0 0000 
FDV aaaa. The execution of this instruction should yield 
(rA) = 0 06 1000 0006 (since the divisor is unity). 
Instead, the A and R registers are cleared. 


Remarks. 


1. Exponent overflow can occur, in which case the 


OVERFLOW Indicator is turned “on.” 


2. Exponent underflow causes both the A and R regis- 
ters to be cleared, but is not otherwise indicated. 


3. In case the mantissa of the dividend is not normal- 
ized—in which case (rA:31) = OQ-—but the man- 
tissa of the divisor is normalized—in which case 
(rD:31) -4 0—it is assumed that the quotient will 
be zero. The operation is terminated as soon as this 
condition is determined to exist—85 ys are required 
—with the A and R registers cleared. 


4, In case the divisor is not normalized—in which case 
(rD:31) = Q~— it is assumed that the divisor is zero: 
the operation is terminated as soon as this condition 
is determined to exist—85 ys are required—with the 


OVERFLOW Indicator turned “on.” 


Register Status. 


Register Contents after 
name execution of FDV 


Quotient 


““Remainder” 


(rD:23) = 000; 
(rD:08) = (B[aaaa]:08) 


Unchanged 
(rP) b + 


Fat 325 | Blaaagl 


B[aaaa] 


Register Contents after Storage 
name ALARM STOP 


Unchanged 


R Unchanged 


D Ese Dea Ce 


The Data Processor 


name 
B 
P 
C 
E 


Register 
name 


Contents after Storage 
ALARM STOP 


Unchanged 
(rP), Fo 1 


TT eS] Peapagl 


B[aaaa | 


Contents if underflow occurs 
after exponent arithmetic 


Cleared 
Unchanged 


(rD:23) = 000 
(rD:08) = (B[aaaa]: 08) 


Unchanged 
(rP), + 1 
Blase 


B[aaaa | 


Contents if dividend = 0, 
divisor 0 


Cleared 
Cleared 
B[aaaa | 
Unchanged 
(rP), + 1 


ett 3]2, 5] Blgeapl 


B[ aaaa | 


Contents if 
divisor = 0 


(rA: + 1) = 0 
(rA:00), = (rA:00), 
Unchanged 
B[aaaa ] 
Unchanged 
(rP), + 1 
cae 


B[aaaa | 
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INCREASE FIELD LOCATION (IFL) 
Operation Code. 26 
+123456789 0 


Instruction Format. 


Definitions. 


Ss: partial-word designator: 
s designates the position, within the word, of the 
low-order digit of the partial-word operand. 


L: partial-word designator: 
L specifies the number of digits in the partial- 
word operand. 


nn: modifier for the partial-word operand. 


address of base of location of partial-word add- 
end. 


aaaa: 


Description of Operation. Increase (B{aaaa]: sL) by nn. 
If overflow occurs—that is, if the result exceeds the ca- 
pacity of the specified partial-word field—set the OVER- 
FLOW Indicator to “‘on.” ° 


Flow Chart. 


CLEAR r€, riB. 


(rC:04) = Blaaaa] —»rE. 


STORAGE 
ALARM STOP. 


(Blaaaa]) = riB. 


(r1B) —e rD. 
(rD:sL) + nn—erD:sL. 


(rD) ——~ rIB. 
ADJUST OVERFLOW INDICATOR. 


PROGRAM CHECK 
ALARM STOP.* 


(riB) =» Bl aaaa]. 


( ) OPERATION COMPLETE. 


*As each digit of the partial-word sum is generated, L [i.e., (rC:21)] is counted down. 
ff, at the start, L > s + 1,50, then at the end of the addition (rC:21) will be 
different from zero, and field overflow will be detected. See Example 6, page 2-27. 


Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 


address. 


2. Program Check ALARM STOP due to field over- 
flow. 


Remarks. If the sign-digit position of (B[aaaa]) is in- 
cluded in the partial-word field specified by sL, it does 
not have sign significance: the sign-digit position has nu- 
meric significance. See Examples 4, 5, and 6, page 2-27. 


Register Status. 


Register 
name 


Contents after 
execution of IFL 


Unchanged 


Unchanged 


LEeSSG isa 


Unchanged 


(rP), + 1 


[0,0 [m2 6] Blgaag]| 


B[aaaa | 


Contents if Storage 
ALARM STOP occurs 


Unchanged 
Unchanged 
Unchanged | 


(rP), + 1 


Banga 


B/ aaaa | 


Contents if Program 
Check ALARM STOP occurs 


Unchanged 
Unchanged 
(B[aaaa]),, as modified 
Unchanged 
(rP), + 1 
ro Ta a2, 6] Blaagel 
(B[aaaa]) 
*L—s—] 
Examples. 

1. (rC) = 0202 26 0396 
(0396) , = + 0000 00 0012 
(rD), = (0396), = + 0000 00 0014 

2. (rC) = 6314 26 0416 
(0416), =-— 2973 43 9216 


(rD), = (0416), 2973 57 9216 


2-27 


The Data Processor 


| AEG) 6220 26 0534 
(0534) , + 0002 90 2400 


(rD), = (0534), + 0002 10 2400 
OVERFLOW Indicator is set “‘on.” 


| 


4. (rC) = 3412 26 0600 
(0600) , = 1 2490 00 9000 
(rD), = (0600), = 1 2610 00 9000 

5. (rC) = 1232 26 0657 
(0657), = 9 5236 47 8888 


(rD), = (0657), 2 7236 47 8888 
OVERFLOW Indicator is set “on.” 


6. (rC) = 2530 26 0900 
(0900) , = 0 8429 90 5432 
(rD), = 1 1429 90 5432 

Program Check ALARM STOP. 
(rC), = 0230 26 0900 

te) = 0104 26 0963 
(0963) , =-— 1123 87 0003 
(rD), = (0963), = — 1123 87 0007 

8. {rC) = 6122 26 2440 
(2440), = + 0000 81 0000 
(rD), = (2440), = + 0000 83 0000 

9. (rC) = 4115 26 4000 
(4000) , = — 1125 99 9999 


(rD), = (4000), 1120 99 9999 
OVERFLOW Indicator is set “‘on.” 


6400 20 3000 
1233 00 2914. 
1233 00 2914 


(if\ 

(ru) 

(3000), 

(rD), = (3000), 


DECREASE FIELD LOCATION (DFL) 


Operation Code. 27 


+1234567890 
Instruction Format. f+]s,L]n nfO pla,a.aal 


Definitions. 


partial-word designator: 
s designates the position, within the word, of the 
low-order digit of the partial-word operand. 


Ss: 


L: partial-word designator: 
L specifies the number of digits in the partial- 
word operand. 

nn: modifier for the partial-word operand. 


aaaa: address of base of location of partial-word minu- 


end. 


Description of Operation. Decrease (B[aaaa]: sL) by nn. 
If overflow occurs—that is, if (B[aaaa]: sL), > 
(B[aaaa]: sL),—set the REPEAT Indicator to “off”; if 
not, set the REPEAT Indicator to “on.” 


The Data Processor 


Flow Chart. 


CLEAR rE, rlB. 


SET SUBTRACT INDICATOR. 


(rC:04) = B[aaca] —» rE. 


STORAGE 


(B [aaaa] ) —~r lB. 
ALARM STOP. 


(riB) — rD. 


(rD:sL) — nn —erD:sL. 


( )  (r18)—»Blaaaa] 


OPERATION COMPLETE. 


*As each digit of the partial-word difference is generated, L [i.e., (rC:21)] is counted 
down. If, at the stort, L > s + 1,50, then at the end of the subtraction (rC:21) will be 
different from zero, and field overflow will be detected. See Example 6, page 2- 29 - 


Exceptional Conditions. 
1. Storage ALARM STOP due to use of a nonexistent 
address. 
2. Program Check ALARM STOP due to field over- 
flow. 
Remarks. 


1. If the sign-digit position of (B[aaaa]) is included 
in the partial-word field specified by sL, it does not 
have sign significance: the sign-digit position has 
numeric significance. See Examples 5 and 6, page 
2-29. 

. It is not necessary to follow this instruction immedi- 
ately with a BRANCH, REPEAT instruction. See 
page 2-32. 


Register Status. 


Register Contents after 
name | execution of DFL 


Unchanged 


Unchanged 


(B[aaaa]). 
Unchanged 


(rP), + 1 


SET REPEAT INDICATOR TO “OFF.” 


2-28 


[0 Of [27] BlgaagT 


B[aaaa | 


Register Contents if Storage 
name ALARM STOP occurs 


Unchanged 
Unchanged 


GU OE ECE 
Unchanged 
(Pig I 


Een 2 FT Blsegal] 


B[aaaa | 


Register Contents if Program 
name Check ALARM STOP occurs 


Unchanged 
Unchanged 
(B[aaaa]),, as modified 
Unchanged 
GE) 


[0 [n wT] Blasaal 


B[aaaa | 


*L—s—l1 
Examples. 
1. (rC) = 0202 27 0396 
(0396) , = + 0000 00 0012 


(rD), = (0396), + 0000 00 0010 
REPEAT Indicator is set “on.” 


2. (rC) = 6314 27 0416 
(0416), =-— 2973 43 9216 
(rD), = (0416), = — 2973 29 9216 

REPEAT Indicator is set ‘“‘on.” 

3. (rC) = 6220 27 0534 
(0534), = + 0002 10 2400 
(rD), = (0534), = + 0002 90 2400 

REPEAT Indicator is set “off.” 

4. (rC) = 3412 27 0600 

(0600), = |] 2490 00 9000 


(rD), = (0600), 1 2370 00 9000 
REPEAT Indicator is set ‘‘on.” 


5. (rC) 1232 27 0657 
(0657), 0 5236 47 8888 


(rD), = (0657), 7 3236 47 8888 


REPEAT Indicator is set “off.” 


2530 27 0900 
(0900) , 0 8429 90 5432 
(rD), = (0900), 0 5429 90 5432 


REPEAT Indicator is set “‘on.” 
Program Check ALARM STOP. 


6. (rC) 


ll I 


(rC), 0230 27 0900 
7. (rC) = 0400 27 0900 
(0900); = + 2345 67 1212 
(rD), = (0900), = + 2345 67 1212 


REPEAT Indicator is set “on.” 


DECREASE FIELD LOCATION, LOAD B (DLB) 
Operation Code. 28 


+12345678090 


=F, Un, »]0 pla a,a, 2] 


Instruction Format. 


Definitions. 


S: partial-word designator: 
s designates the location, within the word, of 
the low-order digit of the partial-word operand. 
L: partial-word designator: 
L specifies the number of digits in the partial- 
word operand. 
nn: modifier for the partial-word operand. 
aaaa: address of base of location of partial-word oper- 


and. 


Description of Operation. Execute DFL, and, in addition, 
load rB with modified partial-word field. That is, decrease 
(B[aaaa}:sL) by nn. If underflow occurs, set the RE- 
PEAT Indicator to “off;” if not, set the REPEAT Indi- 
cator to “on.” Then load rB with the modified partial- 
word field. 


Exceptional Conditions. 
1. Storage ALARM STOP due to use of a nonexistent 


address. 


2. Program Check ALARM STOP due to field over- 


flow. 


Remarks. 


1. If the sign-digit position of (B[aaaa]) is included 
in the partial-word field specified by sL, it does not 
have sign significance: the sign-digit position has 
numeric significance. See Examples 5 and 6, page 


2-30. 
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2. The examples for DFL will suffice to explain a large 
part of DLB. The reader is referred to page 2-28. 
Light is shed on the mechanism of the “load B” part 
of the operation by the examples on page 2-30. 


Flow Chart. 


CLEAR rE, rlB. 


SET SUBTRACT INDICATOR. 
SET REPEAT INDICATOR TO “OFF.” 


(rC:04) = Blaaaa] == rE. 
CLEAR rB. 


STORAGE 


(B [aaaa] ) —-> riB. 
ALARM STOP. 


(rIB) —e rD. 


(rD:sL) — nn —erD:sl. 


(rD:sL) — nn —rB.* 


PROGRAM CHECK 
ALARM STOP.** 


(1B) —» B[aaaa]. 
( ) OPERATION COMPLETE. 


*IfL < 4, the L high-order digits of (rD:sL) — nn replaces the L high-order digits 
ot rB; it L< 4, the tour high-order digits of (rD:sL) — nn replace ail ot rB. 


**As each digit of the partial-word difference is generated, L [i.e., (rC:21)] is 
counted down. If, at the start, L>>s + 1, s+ 0, then at the end of the 
subtraction (rC:21) will be different from zero, and field overflow will be 
detected. See Examples 5 and 6, page 2—30- 


Contents after 
execution of DLB 


Unchanged 
Unchanged 
(B[aaaa]). 
See description of operation 


(rP), of 1 


[oo [m,n], 8 | Blyaagl] 


B[aaaa } 


Contents if Storage 
ALARM STOP occurs 


Unchanged 
Unchanged 


Register Status. 


Register 
name 
A 


Register 
name 


The Data Processor 
Register Contents if Storage 
name 


ALARM STOP occurs 


Unchanged 


(rP), + ] 


B[aaaa] 


Contents if Program 
Check ALARM STOP occurs 


Unchanged 
Unchanged 
(B[aaaa]),, as modified 


Register 
name 


See description of operation 


(rP), + 1 


B[aaaa | 


Blige I 


Examples. 


NOTE: See also Examples, page 2-28, which elucidate 
DFL. 


1. (rC) = 0402 28 0496 
(0496), =+ 4223 49 0148 
(rD), = (0496), =+ 1223 49 0146 
(rB), = 0146 

REPEAT Indicator is set “on.” 

2. (rC) = 8205 28 0516 
(0516), =— 3946 25 2014 
(rD), = (0516), = — 3946 25 1514 
(rB), = 1500 

REPEAT Indicator is set “on.” 

3. (rC) ae 3310 28 0634 
(0634), =+ 0050 40 2222 
(rD), = (0634), = + 9950 40 2222 
(rB), = 9950 

REPEAT Indicator is set “off.” 

4. (rC) = 6650 28 0700 
(0700), = — 1255 00 9753 
(rD), = (0700), = — 1254 50 9753 
(rB), = 1254 


REPEAT Indicator is set “on.” 
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5. (rC) = 2420 28 0790 
(0790), = 1] 3540 44 2345 
(rD), = 1 1540 44 2345 
(rB) a = 1150 

REPEAT Indicator is set “on.” 
Program Check ALARM STOP. 

6. (rC) = 1310 28 2040 
(2040), = 0 5998 74 0000 
(rD), = 9 5998 74 0000 
(rB) 4 = 9 500 


REPEAT Indicator is set “off.” 
Program Check ALARM STOP. 


RECORD TRANSFER (RTF) 
29 
+123456789 0 


|==]i|nn]ilO plajajaya 


Operation Code. 


Instruction Format. 


Definitions. 

nn: specifies the number of words to be relocated: if 
nn = 00, 100 words will be relocated. 

aaaa: address of base of location of first word to be 


relocated. 


Description of Operation. Relocate the contents of nn 
consecutively addressed locations, beginning with the one 
whose address is B[aaaa]. Transfer the specified words, 
in succession, and one at a time, to the nn consecutively 
addressed locations, beginning with the one whose ad- 
dress is in the B register. 


Flow Chart. 


() CLEAR rE, riB. 


(rC:04) —erE. 
(rC:32) — 1 —erC:32 


STORAGE 


[( rE )] —oriB. 
ALARM STOP. 


(rC:04) + 1 rC:04. 


( ) (cB) —m rE. 
(rB) + 1— rB. 


STORAGE 


(r1B) = LOCATION 
ALARM STOP. 


WHOSE ADDRESS IS 
(rE). 


(rc:32) = 00 | (rc:32) +00 


( ) OPERATION COMPLETE. 


CLEAR rE. 


CLEAR riB. 


Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 


Remarks. After the execution of a RECORD TRANSFER 
operation, the B register will contain the sum of the ad- 
dress of the last location filled plus 1, that is, the address 
of “the next location to be filled.” 


Register Status. 


Register 
name 


Contents after 
execution of RTF 


Unchanged 
Unchanged 
ESR ORB DO ORE 
(rB), + nn* 
(rP), + 1 


FOOL, 9] Bfapag + on 


(cB), + nn — 1* 


Note: if nn = 00, 
* (7B), + nn = (7B), + 100; (7B), + nn — 1 = (7B), + 99 
**Bfaaaal + nn = Blaaaa] + 100 
Register Contents after Storage 
name ALARM STOP 
A Tinshawsed 
Iinchan ged 


Unchanged 


ifn yn fi]? 9fa,ajaya 


HEHE 


Indeterminate 


(rP), + ] 


Indeterminate* ** 


Indeterminate* ** 


*** See description of operation 


BRANCH, UNCONDITIONALLY (BUN) 


Operation Code. 30 


+1234567890 


Instruction Format. 


Definitions. 


aaaa: address of base of location of next instruction. 


Description of Operation. Transfer control to location 
B[aaaa], i.e., prepare to take the next instruction from 


B[ aaaa ]. 
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The Data Processor 


Flow Chart. 


CLEAR rE, riB. 
(rC:04) = Blaaaa] —»rP. 


OPERATION COMPLETE. 


‘Exceptional Conditions. None. 


Register Status. 


Contents after 


Register 
name 


execution of BUN 


A Unchanged 

R Unchanged 

D 
B Unchanged 

P B[aaaa | 

c Gr EAN co) 


_ 


| E | Cieared | 


BRANCH, OVERFLOW (BOF) 


Operation Code. 31 


I nstruction Format. 


Definitions. 


aaaa: address of base of location of alternate instruc- 


tion. 


Description of Operation. If the OVERFLOW Indicator is 
“on,” transfer control to location B[aaaa], ie., prepare 
to take the next instruction from B[aaaa]. If the OVER- 
FLOW Indicator is “off,” control continues in sequence. 
(See page 2-37 for the use of the BOF instruction in con- 
junction with the SOR, SOH, and IOM instructions.) 


Flow Chart. 
() CLEAR rE, riB. 


OVERFLOW 
INDICATOR “OFF.” 


OVERFLOW | 


INDICATOR “ON.” 


C ) (rC:04) = Blaaaa] —»rP. 


SET OVERFLOW INDICATOR 
“OFF.” 


OPERATION COMPLETE. 


Exceptional Conditions. None. 


The Data Processor 


Remarks. The OVERFLOW Indicator may be set “on” by 


the following operations: 


Code Name 
08 KEYBOARD ADD 
12 ADD 
12 ADD ABSOLUTE 
13 SUBTRACT 
13 SUBTRACT ABSOLUTE 
15 DIVIDE 
16 ROUND 
19 ADD TO LOCATION 
22 FLOATING ADD 
22 FLOATING ADD ABSOLUTE 
23 FLOATING SUBTRACT 
23 FLOATING SUBTRACT ABSOLUTE 
24 FLOATING MULTIPLY 
25 FLOATING DIVIDE 
26 INCREASE FIELD LOCATION 


Register Status. 


Register 
name 


A 


Contents after 
execution of BOF 


Unchanged 


Unchanged 


a 


Unchanged 


B[aaaa], if OVERFLOW Indicator 
“on”; (rP), + 1, if OVERFLOW 
Indicator “Off” 


ts, | Btaaasl 


Cleared 


BRANCH, REPEAT (BRP) 


Operation Code. 32 


Instruction Format. 
Definitions. 


address of base of location of alternate instruc- 
tion. 


aaaa: 


Description of Operation. If the REPEAT Indicator is 
“on,” transfer control to location B[aaaa], i.e., prepare 
to take the next instruction from B[aaaa]. If the RE- 
PEAT Indicator is “off,” control continues in sequence. 
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Flow Chart. 
(_) CLEAR rE, riB. 


REPEAT 
INDICATOR “OFF.” 


REPEAT 
INDICATOR “ON.” 


(rC:04) = Blaaaa] —»rP. 


( ) OPERATION COMPLETE. 


Exceptional Conditions. None. 
Remarks. 


l. The state of the REPEAT Indicator is not disturbed 
by the execution of a BRANCH, REPEAT instruc- 


tion. 


2. The REPEAT Indicator may be set “on” by the fol- 


lowing operations: 


Code Name 
27 DECREASE FIELD LOCATION 
28 DECREASE FIELD LOCATION, 


LOAD B 
Register Status. 


Register Contents after 
name execution of BRP 


Unchanged 


Unchanged 


Unchanged 


B[aaaa], if REPEAT Indicator “on’ 
(rP), + 1, if REPEAT Indi- 


cator “off” 


at [n> | Blea 


Cleared 


BRANCH, SIGN A (BSA) 


Operation Code. 33 


Instruction Format. 


Definitions. 
n: comparison digit. 
aaaa: address of base of location of alternate instruc- 


tion. 


Description of Operation. If (rA:+1) n, transfer con- 
trol to location B[aaaa], i.e., prepare to take the next 
instruction from B[aaaa]. If (rA:+1) ~n, control con- 
tinues in sequence. 


Flow Chart. 


CLEAR rE, riB. 


: 


SET SUBTRACT INDICATOR. 


(rA:+£1) = (r€:41) =A 


(rC:04) = Blaaaa] —» rP. 


()) OPERATION COMPLETE. 


Exceptional Conditions. None. 


Register Status. 


Register Contents after 
name execution of BSA 


A Unchanged 
R Unchanged 
» | Giese as 
B Unchanged 
P B[aaaa], if (rA: +1) =n 
(~D)\ A } eh 


ats, Ae t 
2b Jb Ft 9 it 


Cleared 


BRANCH, COMPARISON HIGH (BCH) 
BRANCH, COMPARISON LOW (BCL) 
34 
+1234567890 


Operation Code. 


Instruction F ormat. 


Definitions. 


v: variation designator: 
v = 0: BRANCH, COMPARISON HIGH will be 
executed. 


BRANCH, COMPARISON LOW will be 


executed. 


=]; 


v 


address of base of location of alternate instruc- 


tion. 


aaaa: 


Description of Operation. 


v = 0: BRANCH, COMPARISON HIGH will be exe- 
cuted. If the COMPARISON Indicator is HIGH, transfer 


The Data Processor 


control to location B[aaaa], i.e., prepare to take the next 
instruction from B[aaaa]. If the COMPARISON Indi- 
cator is LOW or EQUAL, control continues in sequence. 


vy = 1: BRANCH, COMPARISON LOW will be executed. 
If the COMPARISON Indicator is LOW, transfer control 
to location B[aaaa]. If the COMPARISON Indicator is 
HIGH or EQUAL, control continues in sequence. 


LAs] ; 
£low 


( ) CLEAR rE, riB. 


COMPARISON 
INDICATOR 
CLEARED. 


COMPARISON 
INDICATOR 
LOW OR EQUAL 


| COMPARISON 
INDICATOR 
HIGH. 


( ) PROGRAM CHECK 
ALARM STOP. 


Ee) (rC:04) = Blaaaa] —rrP. 


() OPERATION COMPLETE. 


COMPARISON | COMPARISON COMPARISON 
INDICATOR INDICATOR INDICATOR 
LOW. | HIGH OR EQUAL. | CLEARED. 


(rC:04) = Blaaaa] —»rP. 


PROGRAM CHECK 
ALARM STOP. 


C) OPERATION COMPLETE. 


Exceptional Conditions. Program Check ALARM STOP 
caused by COMPARISON Indicator being “off when 


interrogated. 
Remarks. 
1. The BRANCH, COMPARISON HIGH variation 
will be executed if v 4 1. 
2. The state of the COMPARISON Indicator is not dis- 


turbed bythe execution of these instructions. 


3. The COMPARISON Indicator is set by the follow- 


ing operations: - 


Code Name 
18 COMPARE FIELD A 
18 COMPARE FIELD R 
Register Status. 
Register Contents after execution 
name if branching occurs 
A Unchanged 


Unchanged 


The Data Processor 


Register Contents after execution 
name if branching occurs 


B Unchanged 
P 
C 
E 


B[aaaa | 
PEEPS oo 
Cleared 
name if branching does not occur 
Unchanged 
Unchanged 
SURI EERE 
Unchanged 
(rP), + 1 


aT] Bepaaal 


Cleared 


Contents if Program Check 
ALARM STOP occurs 


Register 
name 


Unchanged 
Unchanged 


Unchanged 
(rP), +- 1 


Pa Ts 4 | BegeaaT) 


Cleared 


BRANCH, COMPARISON EQUAL (BCE) 
BRANCH, COMPARISON UNEQUAL (BCU) 
Operation Code. 35 

+1234567890 


=[i if [0p[ee a8 


Instruction Format. 


Definitions. 


v: variation designator: 


v = 0: BRANCH, COMPARISON EQUAL will 


be executed. 


v = 1: BRANCH, COMPARISON UNEQUAL 


will be executed. 


aaaa: address of base of location of alternate instruc- 
tion. 


Description of Operation. 


v = 0: BRANCH, COMPARISON EQUAL will be exe- 
cuted. If the COMPARISON Indicator is EQUAL, trans- 
fer control to location B[aaaa], i.e., prepare to take the 
next instruction from B[aaaa]. If the COMPARISON In- 


dicator is HIGH or LOW, control continues in sequence. 


v = 1: BRANCH, COMPARISON UNEQUAL will be 
executed. If the COMPARISON Indicator is HIGH or 
LOW, transfer control to location B[aaaa]. If the COM- 
PARISON Indicator is EQUAL, control continues in 


sequence. 


Flow Chart. 


() CLEAR rE, riB. 


=1 


v=Olyv 
(BCU) 


(BCE) 


COMPARISON) COMPARISON = [COMPARISON 
INDICATOR | INDICATOR INDICATOR 
QUAL. } HIGH OR LOW. [CLEARED. 


PROGRAM CHECK 
& ALARM STOP. 


(rC:04) = Blaaaa] —»rP. 


( ) OPERATION COMPLETE. 


COMPARISON 
INDICATOR 
CLEARED. 


COMPARISON 
INDICATOR 
HIGH OR LOW. 


COMPARISON 
INDICATOR 
EQUAL. 


() (rC:04) = Blacaa] +P. PROGRAM CHECK 


ALARM STOP. 


( ) OPERATION COMPLETE. 


Exceptional Conditions. Program Check ALARM STOP 
caused by COMPARISON Indicator being “off” when 


interrogated. 


Remarks. 


1. The BRANCH, COMPARISON EQUAL variation 
will be executed if v 1. 


2. The state of the COMPARISON Indicator is not 


disturbed by the execution of these instructions. 


3. The COMPARISON Indicator is set by the follow- 
ing operations: 
Code Name 
18 COMPARE FIELD A 
18 COMPARE FIELD R 


Register Status. 


Contents after execution 
if branching occurs 


Register 
name 


Unchanged 
Unchanged 


i ilv|3,5]a,a,a,a 


Unchanged 


B[aaaa | 


rt 5 TL  Bipapl 


Cleared 


Register Contents after execution 
name if branching does not occur 

Unchanged 

R Unchanged 

D 

B Unchanged 

P Gal eo rte ae | 

C 


Contents if Program Check 
ALARM STOP occurs 


Register 
name 


Unchanged 
Unchanged 


Eanes OR 
Unchanged 


(rP), + 1 


Cleared 


BRANCH, FIELD A (BFA) 
36 


Operation Code. 


= 


*+123450678090 


= ]s,L[na[0 pla, a, 2,8 


Instruction Format. 


2-35 


The Data Processor 


Definitions. 


Ss: partial-word designator: 
s designates the position, within the word, of the 
low-order digit of the partial-word operand. 


L: partial-word designator: 
L specifies the number of digits in the partial- 
word operand. 

_ Lacie fax pamnarsa tax 

fliL VNasis 1yL LuilipaLatul. 

aaaa: address of base of location of alternate instruc- 


tion. 


Description of Operation. Beginning with the low-order 
digit of (rA:sL), successively higher-order digits are 
compared alternately with the low-order and high-order 
digit of nn. If equality exists for every digit position 
compared, transfer control to location B[aaaa]) i.e., take 
the next instruction from Bfaaaa]. Hf inequality exists 
for any digit position, control continues in sequence. 


Flow Chart. 
() CLEAR rE, riB. 
( ) SET SUBTRACT INDICATOR. 


(rA:sL) — N = A.* 


@ (rC:04) = Bl aaaa] —~rP. 


PROGRAM CHECK 
ALARM STOP. ** 


1 
OPERATION COMPLETE. | | | 


*The subtrahend, N, is an L-digit number, constructed with the two-digit num- 
ber, nn, as a basis: the low-order digit of N is the low-order digit of nn; the 
next-higher-order digit of N is the high-order digit of nn; the next-higher- 
order digit of N is the low-order digit of nn; and so forth, successively 
higher-order digits of N being, alternately the high-and low-order digits of nn. 


** As each digit of N is generated, L [i.e., (rC:21)] is counted down. If, at the 


start, L > s + 1,5 = 0, then at the end of the comparison (rC:21) is different 
from zero, and field overflow is detected. 


Exceptional Conditions. Program Check ALARM STOP 


due to field overflow. 


Remarks. Except for the difference in _ registers, 
BRANCH, FIELD A and BRANCH, FIELD R are iden- 


tical in operation. See page 2-36. 


Register Status. 


Contents after 
execution of BFA 


Register 
name 


Unchanged 


Unchanged 


ESRC ERA CREE! 


Unchanged 


The Data Processor 


Contents after 
execution of BFA 


Register 
name 


B[aaaa], if branch 


(rP), + 1, if no branch 


[0 O[m a] 3,6 | Blgaaa] 


Cleared 
Register Contents if Program Check 
name ALARM STOP occurs 


Unchanged 
Unchanged 


= Un 9[3,6[a a a 8 


Unchanged 


B[aaaa], if branch would 


have occurred 


(rP), + 1, if no branch would 


have occurred 


OT [m,n] 36 | Blaaaa] 


Cleared 


*L —s— 1 


BRANCH, FIELD R (BFR) 
Operation Code. 37 
+1234567890 


=] [nm n[0 pl * 2,8] 


Instruction Format. 


Definitions. 


Ss: partial-word designator: 
s designates the position, within the word, of the 
low-order digit of the partial-word operand. 


L: partial-word designator: 
L specifies the number of digits in the partial- 
word operand. 


nn: basis for comparator. 


aaaa: address of base of location of alternate instruc- 
tion.: 


Description of Operation. Beginning with the low-order 
digit of (rR:sL), successively higher-order digits are 
compared alternately with the low-order and high-order 
digit of nn. If equality exists for every digit position com- 
pared, transfer control to B[aaaa], i.e., take the next in- 
struction from B[aaaa]. If inequality exists for any digit 
position, control continues in sequence. 


Flow Chart. 


() CLEAR rE, riB. 


() SET SUBTRACT INDICATOR. 


OPERATION COMPLETE. PROGRAM CHECK 


ALARM STOP.** 


*The subtrahend, N, is an L-digit number, constructed with the two-digit num- 
ber, nn, as a basis: the low-order digit of N is the low-order digit of nn; the 
next-higher-order digit of N is the high-order digit of nn; the next-higher- 
order digit of N is the low-order digit of mn; and so forth, successively 
higher-order digits of N being, alternately the high-and low-order digits of nn. 


**As each digit of N is generated, L [i.e., (rC:21)] is counted down. If, at the 


start, L>s + 1,s = 0, then at the end of the comparison (rC:21) is different 
from zero, and field overflow is detected. 


Exceptional Conditions. Program Check ALARM STOP 


due to field overflow. 


Remarks. Except for the difference in registers, 
BRANCH, FIELD R and BRANCH, FIELD A are iden- 
tical in operation. See page 2-35. 


Register Status. 


Register Contents after 
name execution of BFR 


Unchanged 


Unchanged 


Unchanged 


B[aaaa], if branch 
(rP), + 1, if no branch 


[oOfmn [8,7 | Blpaaal 


Cleared 


Contents if Program Check 
ALARM STOP occurs 


Register 
name 


Unchanged 


Unchanged 


Unchanged 


B[aaaa], if branch would 


have occurred 


(rP), + 1, if no branch would 


have occurred 


Register Contents if Program Check 
name ALARM STOP occurs 


Oo? | a | Oo | B [aaaa | 


Cleared 


SET OVERFLOW REMEMBER (SOR) 

SET OVERFLOW HALT (SOH) 
INTERROGATE OVERFLOW MODE (IOM) 
39 


Operation Code. 
+1234567890 


[ +]i i,i]v]O,pla,a,a a | 


Instruction Format. 


Definitions. 
v: variation designator: 
v = 0: SET OVERFLOW REMEMBER will be 
executed. 
v= 1: SET OVERFLOW HALT will be exe- 
cuted. 
v = 2: INTERROGATE OVERFLOW MODE 


will be executed. 


address of base of location of alternate instruc- 
tion. 


aaaa: 


Description of Operation. 


v = 0: Sets the overflow circuitry such that a succeed- 
ing overflow condition turns the OVERFLOW Indicator 
“on,” but does not cause the Data Processor to halt even 
if the instruction causing the overflow is not followed by 
a BOF instruction. 


v = 1: Sets the overflow circuitry such that a succeed- 
ing overflow condition turns the OVERFLOW Indicator 
“on” and does cause the Data Processor to halt if the 
instruction causing the overflow is not followed by a 
BOF instruction. 


v = 2: If the Data Processor is in the Overflow Remem- 
ber Mode (set by a previous SOR instruction or the 
CLEAR switch), control continues in sequence. 


Tf the Data Processor is in the Overflow Halt Mode (set 
by a previous SOH instruction), control is transferred to 


B[aaaa ]. 
Exceptional Conditions. None. 
Remarks. 


1, Depressing the CLEAR switch sets the Data Proc- 
essor to the Overflow Remember Mode. 


2. These instructions will not turn “off” the OVER- 
FLOW Indicator. 


2-37 


The Data Processor 


. An overflow condition followed by a SOR instruc- 
tion will cause the Data Processor to halt. 


. aaaa is relevant only for v = 2. 


. If the Data Processor is in the Overflow Halt Mode 
(set by a previous SOH instruction), a BOF in- 
struction immediately following an OVERFLOW 
condition will cause control to be transferred to the 
location specified by Blaaaa] of the BOF instruc- 
tion. 


. If the Data Processor is in the Overflow Remember 
Mode (set by a previous SOR instruction or by de- 
pressing the CLEAR switch) a BOF instruction fol- 
lowing an OVERFLOW condition will cause the 
same effect as 5, above, except that the BOF does 
not have to follow immediately after the operation 
that caused OVERFLOW. Control continues in se- 


quence until the BOF instruction is encountered. 


Flow Chart. 


0 CLEAR rE, riB. 


HALT CONTROL 
TOGGLE = 0 


HALT CONTROL 
TOGGLE = 1 


(_). SET HALT 


CORITOM 
western 


TOGGLE 
TO 0. 


(_) SET HALT CONTROL 


TOGGLE TO i. 


(rC:04 = Blaaaa] —» rP. 


OPERATION COMPLETE. 


Contents after execution 
if branching occurs 


Register Status. 


Register 
name 


A Unchanged 
Unchanged 
Eo RPE EFCOCREICI) 
Unchanged 
B[aaaa] 


Cleared 


The Data Processor 


Register Contents after execution 
name if branching does not occur 


A Unchanged 
Unchanaed 
es eRe LICR 
Unchanged 
GP yao 


iD ]s oT Blaagal 


STORE A (STA) 
STORE R (STR} 
STORE B (STB) 


Operation Code. 40 


+12345678090 


ESCA AOI CPENENES 


partial-word designator: 

f = 0: sis not relevant. 

f= 1: s designates the position, within the 
word, of the low-order digit of each par- 
tial-word operand. 


Instruction Format. 


Definitions. 


Ss: 


L: partial-word designator: 
f = 0: Lis not relevant. 
f = 1: L specifies the number of digits in each 
partial-word operand. 
f: partial-word designator: 
f = 0: entire words will be used as operands. 
f = 1: the contents of the partial-word fields de- 
fined by sL will be used as operands. 
v: variation designator: 
v = 0: STORE A will be executed. 
v = 1: STORE R will be executed. 
v = 2: STORE B will be executed. 
aaaa: address of base of location in which the selected 


field will be stored. 


Description of Operation. Store the specified field of the 
designated register in the corresponding field location in 


B[aaaa]. 
Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 
address. 


2. Program Check ALARM STOP due to field over- 


flow. 


2-38 


Remarks. 


1. The STORE A variation will be executed if v ~ 1 


or 2. 


2. f = 2, 4, 6, or 8 has the same effect as f = 0; 
f = 3, 5, 7, or 9 has the same effect as f = 1. 


3. If, for example, the STORE A variation is being 
executed with f = 1 (partial-word selection), then 
(rA:sL) — (Bfaaaa]:sL). The remainder’ of 


(B[aaaa]) is unaltered. 


Flow Chart. 


CLEAR rE, riB. 
( ) (rC:04) = Blaaaa] — rE. 


STORAGE 
ALARM STOP. 


( ) (rR} —» rD 
(rR) —» riB 


(rA) —»rD 
(tA) —orlB 


(TB) —_ rD:04 
(FB) ne r1B:04 


CLEAR °D:67 
CLEAR rlB:67 


@ (rFA:sL) we rD:sb 
(rA:sL) —rIB:sL 


( ) (rR:sL) —erD:sb 
(rR:sL) —rlB:sL 


( ) (rB:sL} a rD:sk* 
(rB:sL) —w-riB:si* 


CLEAR OTHER DIGIT 
POSITIONS IN °D. 


PROGRAM CHECK 
ALARM STOP** 


(rIB) —»B [aaaa] 


(_) OPERATION COMPLETE. 


* The B register is regarded as if it were 11 digits long as indicated: 


+1234567890 


**As each digit is transferred from the designated register to the D register, L [i.e., 
(rC:21)] is counted down. If, at the start, L > s + I, s -“ 0, then at the end of the 
transfer (rC:21) will be different from zero and field overflow will be detected. 


Register Status. 


Contents after execution 
of all instructions 


Unchanged 


Unchanged 


(B[aaaa]) q 
Unchanged 


(rP), i l 


OOTP [4,0 | Blgaaa] 


B[aaaa | 


Contents if Storage 


Register 
name 


ALARM STOP occurs 
Unchanged 


Unchanged 


ES AEE 


Unchanged 
(rP) b Se | 


SE ETFO Basal 


B[aaaa ] 


| Register | Contents if Program Check | 
name ALARM STOP occurs 


Unchanged 


Unchanged 


See flow chart 
Unchanged 


(rP), + 1 


TET S OT Bipaaal 


B[aaaa ] 


*L—s—] 
Examples. 

1. (rC) = 0412 40 1000 
(1000), = 0 1234 56 7890 
(rB) = 1234. 
(xD), ~=0 0000 00 1234 
(1000), = 0 1234 56 1234 

2. (rC) = 0002 40 1000 
(1000), = 0 1234 56 7890 
(rB) = 1234 
(7D), =0 0000 00 1234 
(1000), = 0 0000 00 1234 

3. (rC) = 8412 40 2000 
(2000), = 0 1234 56 7890 
(rB) = 2345 
(rD), = 0 0000 00 2300 
(2000), = 0 1234 00 2390 

4. (rC) = 5312 40 3000 
(3000), = 0 1234 56 7890 
(rB) = 1357 
(rD), = 0 0000 00 0000 
(3000), = 0 1200 06 7890 
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The Data Processor 


LOAD R (LDR) 


Operation Code. 41 


234567890 


Instruction Format. 


Definitions. 
aaaa: address of base of location of operand. 
Description of Operaiion. Replace (rR) by (B[aaaaj). 


Flow Chart. 


CLEAR rE, rlB. 
(rC:04) = Blaaaa] —» rE. 


STORAGE 


(Blaaaa]) —»riB. 
ALARM STOP. 


(riB) —erR. 
(rlB) —»rD. 


OPERATION COMPLETE. 


Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 


Contents after 
execution of LDR 


Unchanged 
(B[aaaa] ) 
(B[aaaa] ) 
Unchanged 
(rP), + 1 


B[aaaa | 


Contents if Storage 
ALARM STOP occurs 


Register Status. 


Register 
name 


Register 
name 


A Unchanged 

Unchanged 
ESEPEFESE) CAIEICIE SY 

Unchanged 

(rP), + 1 


ErErerEs CFM SIC) 


B[aaaa | 


The Data Processor 


LOAD B (LDB) 
LOAD B, COMPLEMENT (LBC) 


Operation Code. 42 


+123456789 0 


Instruction Format. 


Definitions. 

variation designator: 

v = 0: LOAD B will be executed 

v= 1: LOAD B, COMPLEMENT will be exe- 
cuted. 

address of base of location of operand. 


Vv: 


aaaa: 


Description of Operation. 


v = 0: (B[aaaa]:04) replaces (rB). 
v = 1: the 10’s complement of (B[aaaa]) replaces (rB). 


Flow Chart. 


() CLEAR rE. 


( ) (rC:04) = Blaaaa] —rE. 


STORAGE 


(Bl aaca]) —riB. 
ALARM STOP. 


() (11:04) —o-rB () SET SUBTRACT INDICATOR. 


(r1B:04) —e-rD:04 


(riB:04) = ADDER —»rB. 
(THUS LOADING COMPLEMENT). 


(r1B:04) —-rD:04 


(1B:67) ——wrD:67 


( ) OPERATION COMPLETE. 


Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 


Remarks. The LOAD B variation will be executed if 
vl. 


Register Status. 


Unchanged 


Unchanged 


(B[aaaa]) 
(B[aaaa] :04) 
(rP), + 1 


FT] O4, 2 [Blase] 


B[aaaa] 
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Contents after 
execution of LBC 


Unchanged 


Register 
name 
A 


Unchanged 

(B[aaaa] ) 

10’s complement of (B[aaaa] :04) 
(rP), + 1 


ea 2] Besoeal 


B[aaaa | 


Contents if Storage 
ALARM STOP occurs 


Unchanged 


Unchanged 


Unchanged 
(rP), + 1 


B[aaaa | 


LOAD SIGN A (LSA) 
Operation Code. 43 


+12345678090 


Li, i, ifn], pli, iii] 


Instruction Format. 


Definition. 
n: modifier for sign-digit position of A register. 


Description of Operation. Replace the contents of the sign- 
digit position of the A register by n. 


Flow Chart. 


CLEAR rE, riB. 
(rC:41 yam rA:t 1. 


OPERATION COMPLETE. 


Exceptional Conditions. None. 


Remarks. Although the address-field is not used for ad- 
dressing purposes, B-register address-modification will 
occur if it is specified. No Storage ALARM STOP due to - 


use of a nonexistent address can occur, however. 


Register Status. 


Register Contents after 
name_ | execution of LSA 
A n 


(rA:+1) 
(rA:00), 


(rA:00), 


Unchanged 


Unchanged 
(rP Jo ee | 


ee CCE AC) 


Cleared 


STORE P (STP) 
Operation Code. 


44 
+1234567890 


Es DEE! OF) EPP 


Instruction Format. 


_ Definition. 
address of base of location in which will be stored 
the augmented content of the P register. 


aaaa: 


Description of Operation. (rP).+ 1 —> (B[aaaa]:04). 
Flow Chart. . 


CLEAR rE, riB. 


(rC:04) = Blaaaa] ——»rE. 


STORAGE 
“ALARM STOP. 


(Bl aaaa}) —eriB. 


(rP) + 1—eriB:04 
(rP) + 1—rD:04 


(rlB:67) —»1rD:67 
(rlB) —»B [daca] 


OPERATION COMPLETE. 


Exceptional Conditions. Storage ALARM STOP due to 


use of a nonexistent address. 


Contents after 
execution of STP 


Unchanged 


Register Status. 


Register 
name 


Unchanged 


The Data Processor 


Unchanged 
(rP), + 1 


+ 


Blaagal 


B[aaaa } 


Contents if Storage 
ALARM STOP occurs 


Register 
name 

Unchanged 

Unchanged 


ania aa 


Unchanged 
(rP), =v ilb 


B[aaaa ] 


CLEAR A (CLA) 
CLEAR R (CLR) 


CLEAR A, R (CAR) 
CLEAR B (CLB) 


CLEAR A, B (CAB) 
CLEAR R, B (CRB) 
CLEAR A, R, B (CLT) 


Operation Code. 45 

+1234567890 
Instruction Format. | +]i,i,ilv[O pli,i,i,il 
Definitions. 
v: variation designator: if 


(rC:41) /1 = 1:* CLEAR A will be executed: 
and/or 
(rC:41) /2 = 1:* CLEAR R will be executed; 


and/or 


(rC:41) /4 = 1:* CLEAR B will be executed. 


* (rC:41) /1 is the one-bit of v; 
(rC:41) /2 is the two-bit of v; 
and (rC:41) /4 is the four-bit of v. 


Description of Operation. 


pv Clear Register 


2-41 


The Data Processor 


Flow Chart. 


CLEAR rE, riB.( ) 


(rC:41)/1 = 1 | (rC:41)/2 = 1 |(reanyra =1 


Exceptional Conditions. None. 


(_) OPERATION COMPLETE. 


SIGE 2. Although the address field is not used for addressing 

1. If v = 0 or if v = 8, no registers will be cleared; purposes, B-register address-modification will occur 

the effect is the same as that of a NO OPERATION if it is specified. No Storage ALARM STOP due to 
instruction. use of a nonexistent address can occur, however. 


Register Status. 


Registers 


Contents 
after 
execution 


of 


= 
* 
; 


zz 

Ea 
a 
nn 

— 


_——] 

| 
aa 
on 

Co 


Lt 

os] 
a 
an 

J 


= 

| 
aS 
on 

[eae 


ie) 

EA 
—_ 
wn 

Ld 


|| 
A 
on 

ys) 


Drs) 

>| 
i 
on 

lea 


* Control and address digits not shown here since they are irrelevant to the execution of these instructions. 


CLEAR LOCATION (CLL) Exceptional Conditions. None. 


Operation Code. 46 Register Status. 
+1234567890 


a T+]i, i, i ifO pla,a.a,al Register Contents after 
name: 


execution of CLL 


Definitions. 
aaaa: address of base of location to be cleared. A Unchanged 
Description of Operation. Clear the contents of location Unchanged 
B[aaaa]. 
Flow Chart. 
Unchanged 
CLEAR rE, riB. 
(rC:04) = Blagaa] —» rE. (fy oe 
STORAGE er 
Sten Prodao!) ALARM STOP. ar el Deal 


B[aaaa | 


OPERATION COMPLETE. 


2-42 


Contents if Storage 
ALARM STOP occurs 


Register 
name 


A Unchanged 
Unchanged 
Unchanged 
(rP), + 1 


iat], 6] Bipaaal 


B[aaaa | 


SHIFT RIGHT A (SRA) 

SHIFT RIGHT A AND R (SRT) 
SHIFT RIGHT A WITH SIGN (SRS) 
Operation Code. 48 


Sood 22-3. A B26 7-8 9.0 


[iti |v [Op li ify n| 


Instruction Format. 


Definitions. 


v: variation designator: 
v = 0: SHIFT RIGHT A will be executed. 
v = 1: SHIFT RIGHT A AND R will be executed. 
v = 2: SHIFT RIGHT A WITH SIGN will be 


executed. 


nn: specifies the number of digit positions (00 to 19) 
through which the operand will be shifted. 


Description of Operation. 


v = 0: SHIFT RIGHT A will be executed. 

The contents of the A register, excluding the contents of 
the sign-digit position, are shifted to the right through 
the number of digit positions specified by nn. Digits 
shifted out of the low-order end of the A register are lost; 
as each digit is shifted out of the A register, a “O” is 
entered into digit-position 1 in the A register. 


v = 1: SHIFT RIGHT A AND R will be executed. 

The contents of the A and R registers, excluding the con- 
tents of the sign-digit positions of both registers, but re- 
garded as one twenty-digit-long number, are shifted to the 
right through the number of digit positions specified by 
nn. Digits shifted out of the low-order end of the R regis- 
ter are lost; as each digit is shifted out of the R register, 
a “0” is entered into digit-position 1 in the A register. 


Although the contents of the sign-digit position of neither 
register is shifted during the execution of this instruction, 
the contents of the sign-digit position of the R register are 
replaced by the contents of the sign-digit position of the 
A register; the sign digit of the A register is not altered. 
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The Data Processor 


v = 2: SHIFT RIGHT A WITH SIGN will be executed. 
The contents of the A register, including the contents of 
the sign-digit position, are shifted to the right through the 
number of digit positions specified by nn. Digits shifted 
out of the low-order end of the A register are lost; as 
each digit is shifted out of the A register, a “O” is entered 
into the sign-digit position of the A register. 


Flow Chart. 


( ) CLEAR rE, riB. 


( ) SET SHIFT COUNTER TO N*. 


C) (PAE 1) oe RET. 


C ) (rA:91) —erA:01 


C) (rA:91) wr A:01 
T (rA:81) mmserA:9} 


(rA:21) —~rA:3] 
(rA:1 1) —erA:21 


CLEAR rA:11. 


C) (rR:91) wer R:01 


(rR:81 ) —erR:91 


(rR:21) —rR:31 
(FR:11) pr R:21 
(rA:01) — R11 


(rA:81) we rA:91 


(TA:11) pet A:21 
(PAE } jaar At } 


CLEAR rA:+1. 


(rA:91) a rA:01 
(rA:81) er A:91 


(FA:21) er A:31 
(rA:11) —rA:21 


CLEAR rA:11. 


A OPERATION COMPLETE. 


*N is the least non-negative remainder obtained on dividing nn by 20. 


None. 


Excentional Canditions, 
Remarks. 


1. The SHIFT RIGHT A variation will be executed if 
v~Alor2. 


2. Although the address field is not used for addressing 
purposes, B-register address-modification will occur 


if it is specified, No Storage ALARM STOP due to 


use of a nonexistent address, can occur, however. 


3. The number of digit positions through which the 
contents of the register(s) will be shifted is always 
less than or equal to 19, regardless of the value of 
nn. The number, N, of digit positions actually shifted 
is the least non-negative remainder obtained on di- 
viding nn by 20. 


Contents after 
execution of SRA 


(rA:+1) is unchanged 
(rA:00) shifted as specified 


Register Status. 


Register 
name 


Unchanged 


ES GGG CIE) 


The Data Processor 
Contents SS. 


Register 
name execution SS. SRA 


Unchanged 
B (rP), + 1 
c a [ols © | Binal 
E Cleared 
Contents after 


Register 
name execution of SRT 
(rA:+1) is unchanged 
(rA:00) shifted as specified 


(rR:41), = (rA:+1), 
(rR:00),, shifted as specified 


ER DE Ee 
Unchanged 
(@P)y ced 


eye [Beep] 


Cleared 


Register Contents after 
name execution of SRS 
(rA), shifted as specified 
Unchanged 


pe] i ii] 2]4 8]i ifayn 


Unchanged 
(rP), + 1 


ls [Biel 


Cleared 


SHIFT LEFT A (SLA) 
SHIFT LEFT A AND R (SLT) 
SHIFT LEFT A WITH SIGN (SLS) 
Operation Code. 49 
+1234567890 


Ear 


Instruction Format. 


Definitions. 


v: variation designator: 


v = 0: SHIFT LEFT A will be executed. 


v = 1: SHIFT LEFT A AND R will be executed. 
= 2: SHIFT LEFT A WITH SIGN will be exe- 


cuted. 


nn: specifies the number of digit positions through 


which the operand will be shifted. 


Description of Operation. 


v = 0: SHIFT LEFT A will be executed. 

The contents of the A register, excluding the contents of 
the sign-digit position, are shifted to the left through the 
number of digit positions specified by nn. This is a cir- 
culating shift, that is, as each digit is shifted out of digit- 
position 1 in the A register it is entered into the low-order 
digit position of the A register. 


v = 1: SHIFT LEFT A AND R will be executed. 

The contents of the A and R registers, excluding the con- 
tents of the sign-digit positions of both registers, but re- 
garded as one twenty-digit-long number, are shifted to 
the left through the number of digit positions specified by 
nn. This is a circulating shift, that is, as each digit is 
shifted out of digit-position 1 in the A register it is en- 
tered into the low-order digit position in the R register. 


Although the contents of the sign-digit position of neither 
register is shifted during the execution of this instruction, 
the contents of the sign-digit position of the A register is 
replaced by the contents of the sign-digit position of the 
R register; the sign digit of the R register is not altered. 


vy = 2: SHIFT LEFT A WITH SIGN will be executed. 
The contents of the A register, including the contents of 
the sign-digit position, are shifted to the left through the 
number of digit positions specified by nn. This is a cir- 
culating shift, that is, as each digit is shifted out of the 
sign-digit position in the A register it is entered into the 
low-order digit position in the A register. 


Flow Chart. See page 2-45. 
Exceptional Conditions. None. 


Remarks. 


1. The SHIFT LEFT A variation will be selected for 


execution if v= 1 or 2. 


2. Although the address field is not used for addressing 
purposes, B-register address-modification will occur 


if it is specified. No Storage ALARM STOP, due to 


use of a nonexistent address, can occur, however. 


3. The Data Processor is capable only of shifting the 
contents of the A and R registers to the right. In 
order to shift to the left, therefore, it is necessary for 
the machine to simulate left shifts by executing cir- 
culating right shifts. This is of no other importance 
to the programmer /coder than that he knows how to 
determine execution times: for all practical purposes, 
if the instruction is SLS 0003, the contents of the A 
register will be shifted and circulated three places 


CLEAR rE, riB. 


TO Ne. 


fom aN — fem tah 
(ins ) mmr PAS ay 


(rA:11) — rA:21 
(rA:21) = rA:31 


(rA:91) <= rA:01 
(rA:01) =e rR:11 
(rR:11) —#rR:21 


(rR:91) —wrR:01 
(FR:01) —erA:11 


DIGIT 
COUNTER 


( ) OPERATION 
COMPLETE. 


SET DIGIT COUNTER 
TO 10 + Ny. 


SET DIGIT COUNTER 
TO 10 + Ni. 


(rA:11) —rA:21 
(rA:21) —PrA:3) 


(tA: E 1) er Ar] 
(rA:1 1) —erA:21 


(rA:91) —trA:01 
(rA:01) —erA:1 


(rA:91) —erA:01 
(rA:01) mr A:11 


DIGIT 
| COUNTER. 
¥ 20 


(rA:E ] )aerA:] 1 
(rA:1 1) er A:21 


(rA:91) —>rA:01 
(rA:01 ) —erA: 1 


() OPERATION 
COMPLETE. 


DIGIT 
| COUNTER 
+ 20 


( ) OPERATION 
COMPLETE. 


to the left. In this particular case, as will be ex- 
plained below, the number of digit positions through 
which the contents of the A register is shifted is 
eight, of which only seven enter into timing consid- 
erations. Examination of the flow chart may help to 
make clearer the description below. 


The counter which determines how many digit positions 
are to be shifted is called the Digit Counter. The Digit 
Counter is capable of counting only to 20. Thus, for ex- 
ample, if the Digit Counter is set to 13, only seven pulses 
will be provided to accomplish shifting, one pulse each 
time the contents of the specified register(s) are shifted 
to the right. When the Digit Counter reaches 20, no more 
pulses are provided. 


The Data Processor 


Suppose now that the instruction is SLA 00nn. The Data 
Processor first determines N,, where N,; = nn, modulo 10 
(that is, N, is the least non-negative remainder obtained 
on dividing nn by 10). The Digit Counter is then set to 
10 + N,. Hence, the number of digit positions actually 
shifted is 20 — (10 + N,) = 10 — N,. 


Example 1. SLA 0003. N, = 3. The Digit Counter is set 
to 13. The contents of (rA:00) will be shifted left, and 


: aS eer sheet 
circulated, three places by shifting right, and circulating, 


seven places. 


Digit 
Counter [rA] 


13 1234 56 7890 
0123 45 6789 
9012 34 5678 
8901 23 4567 
7890 12 3456 
6789 01 2345 
5678 90 1234 
4567 89 0123 


ee eee re ae oes ee 


Example 2. SLA 0049. N, = 9. The Digit Counter is set 
to 19. The contents of (rA:00) will be shifted left and 
circulated nine places by shifting right, and circulating, 
one place. 


Digit 
Counter [rA] 


-- 1234 56 7890 


+ 0123 45 6789 


Suppose the instruction is SLS 0Onn. As in the case of 
SLA, N, is determined. Also, because the operation is 
SLS, the Data Processor automatically shifts and circu- 
lates the contents of the A register one place to the right 
while it is determining N,. The Digit Counter is set to 
10 + N,, so that the number of additional shifts is 
20 — (10 + N,) = 10 — N,. In this way the proper 
kind of modulo-11 shift is achieved. 


Example 3. SLS 0007. N, = 7. The Digit Counter is set 
to 17. 


Digit 
Counter [rA] 


+ 1234 56 7890 
0 +123 45 6789 
9 0+12 34 5678 
8 90+1 23 4567 
7 890+ 12 3456 


Original 
17 
18 
19 
20 


The Data Processor 


Because the SHIFT LEFT A AND R instruction handles 
sets of 20 digits, it provides a modulo-20 shift. The Data 
Processor first determines N., where N, == nn, modulo 20. 
The Digit Counter is then set to N;, so that the number 
of digit positions actually shifted is 20 — Np. 


Example 4. SLT 0018. N, = 18 


4. The table below summarizes the times required to 
execute the various shifting instructions. Fetch time 
is included. As is noted in the headings, the entries 
in the table were computed using the following 
formulas: 

SLA, SLS: t = 160 — 5N,, 
SLT: t = 210 — 5N). 


N, and N,. were defined in Remark 3. 
[160 — 5N,] [210 — 5N,] 
160 


Register Status. 


Register Contents after 
name execution of SLA 


(rA:+1), = (rA:+1)> 
(rA:00) shifted as specified 


Unchanged 


ESR OLE Ee 


Unchanged 
(rP), + 1 


eT [o]4 5 | Bim 


Cleared 


Contents after 
execution of SLT 


Register 
name 


(rA: +1), = (rR:+1), 
(rA:00, rR:00) shifted as specified 


(rR:41), = (rR:41)5 
(rA:00, rR:00) shifted as specified 


EIEN CEE 
Unchanged 
(rP) b is 1] 


Ets 2 | Bing 


Cleared 


Contents after 
execution of SLS 


Register 
name 


(rA) shifted as specified 
Unchanged 
STE EICE 


Unchanged 
(rP), 0 1 


Pes |, Bim 


Cleared 


GENERAL 
The Control Console of the BURROUGHS 220 Electronic 


Data Processing System is the control center for the Sys- 
tem. By means of neon lamps, indicators, push-button 
indicators, and organ switches, the status of the System 
is indicated and supervisory control over its operation 
is provided. 


The Control Console is divided into three sections, of 
which, normally, only the central section is of concern 
to the system operator and/or programmer. It is in this 
section that the contents of the A, R, D, B, P, C, and E 
registers are displayed (see Chapter 2). The other two 
sections, the side panels, mounted behind doors which 
usually are closed, are primarily for the maintenance or 
test engineer. 


In this chapter we will discuss the ten PROGRAM CON- 
TROL SWITCHES, the Reset and Transfer Switch, the 


numeric Keyboard, and the Supervisory Printer. For a 


more complete discussion of these and the other elements 


of the Control Console and for operating procedures and 


techniques, the reader is referred to the Handbook of Op- 
for the BURROUGHS 220. 


erating Pracedu res 


PROGRAM CONTROL SWITCHES 


The Control Console is equipped with ten clear-plastic 
organ switches. Each switch has a light behind it; the 
light is on when the switch is on. The status of a switch 
may be interrogated by the BRANCH, CONTROL 
SWITCH instruction. Although more than one switch 
may be on at any one time, only one switch may be in- 
terrogated with any one instruction. 


Flexible manual-control facilities are provided by these 
switches. 


THE RESET AND TRANSFER SWITCH 


The manual Reset and Transfer Switch is located on the 
lower right portion of the Control Console. Depression 
of this switch will cause the contents of the address por- 
tion of the C register and the P register to be stored in 
memory location 0000. and program control will be trans- 
ferred to memory location 0001. The contents of the P 
register will be stored in digit positions 7-0 and the con- 
tents of the address portion of the C register will be stored 
in digit positions 3-6. This switch will permit an operator 
to regain program control after a system halt without a 
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The Control Console 


loss of register information or a keyboard entry of a 
branching instruction. 


THE KEYBOARD 


A numeric Keyboard is an integral part of the Control 
Console. This keyboard may be activated under program 
control by use of the KEYBOARD ADD instruction (see 
page 3-2). 


When the Data Processor is not in RUN status the key- 
board may be activated by depressing the KEYBOARD 


switch. 


THE SUPERVISORY PRINTER 


Associated with the Control Console is a character-at-a- 
time alphanumeric printer. The printer, operating at a 
rate of 10 characters per second, is capable of printing 
both numeric and alphabetic information. 


Controls are provided to suppress the printing of leading 
zeros as well as the translation of words specified as alpha- 
numeric (an alphanumeric word is signaled by the pres- 
ence of a 2 in the sign-digit position). See the Handbook 


of Operating Procedures for the BURROUGHS 220. 


The following format controls are provided: 


1. The right-hand margin may be set where required to 
provide an automatic carriage return. Carriage re- 
turn always includes a single line feed. 


2. A three-position switch permits the choice of “space,” 
“tab,” or “carriage return” action when the end-of- 
word is sensed. 


3. Vertical form-control is provided so that fan-fold 
paper can feed past the tear line to a predetermined 
position or positions. These vertical tabs may be 
set at 2.75-, 5.5-, 8.25-, and 11-inch intervals. 


The Supervisory Printer can print all the decimal digits 
and alphabetic characters; in addition, the following 
characters can be printed: -, $, & *, O ,.,% /, #, 
%, @, and “space.” The BURROUGHS 220 codes for 


these characters are shown in Appendix C. 


The Supervisory Printer is the same printer described in 


Chapter 5, The Paper-Tape System. 


The Control Console 


THE INTERVAL TIMER 


Attached to the Control Console is a five-digit-position 
counter which can count to 9999.9 seconds by tenths of 
a second. The counter may be reset manually to zero. 


The Interval Timer is connected, electrically, to the RUN 
Indicator: when the RUN Indicator is “on,” the timer 
will count. 


THE EXECUTE PHASE 


The remainder of the Control Console chapter is devoted 
to descriptions of the Execute Phase of each operation 
which is controlled directly from the console. 


KEYBOARD ADD (KAD) 


Operation Code. 08 
+1234567890 


ES DRE Oe Eee 


Description of Operation. The D register is cleared, fol- 
lowing which the Data Processor waits, prepared to accept 
information entered on the console keyboard. Each digit 
selected on the keyboard enters the low-order digit posi- 
tion of the D register, shifting the previous contents, in- 
cluding the contents of the sign-digit position, one place 
to the left; digits shifted out of the sign-digit position are 
lost. When the ADD key on the keyboard is depressed, 
the sum of the contents of the A register and the D regis- 
ter is generated. This sum replaces the contents of the A 
register. 


Instruction F ormat. 


Automatic control is resumed when the ADD key is de- 
pressed. 


Flow Chart. 


CLEAR rE, riB. 


SET A SIGN-INDICATOR EQUAL 
TO (rA:£1)/1, 


CLEAR rD AND rA:1. 


KEYBOARD ENTRY —:D. 
(WAIT FOR ADD PULSE.) 


SET D SIGN-INDICATOR EQUAL 
TO (rD:1)/1. 


CLEAR 1D:+1. 

ADJUST RESULT SIGN-INDICATOR. 
ADJUST SUBTRACT INDICATOR. 
(rA) + (rD) —mrA. 


ADJUST OVERFLOW INDICATOR. 


SET (rA:+1)/1 TO SIGN OF 
RESULT. 


RESTORE (rD:£1)/1. 


OPERATION COMPLETE. 


Exceptional Conditions. None. 
Remarks. 


1. Although the address-field is not used for addressing 
purposes, B-register address-modification will occur 


if it is specified. No Storage ALARM STOP, due 


to use of a nonexistent address, can occur, however. 


2. The execution of this instruction can cause. arith- 
metic overflow, in which case the OVERFLOW Indi- 


cator is set “on.” 


3. If (rA) + (rD) = 0, the sign of this result is the 
sign that was in the A register before execution. 


Contents after 
execution of KAD 


(rA), + number keyed into rD 


Register Status. 


Unchanged 
Number keyed in 
Unchanged 


(xP), + 1 


SC 


Cleared 


SUPERVISORY PRINT-OUT (SPO) 
Operation Code. 09 
+1234567890 


pe ]é ja nlvO pla. aaa 


vy =O: d is not relevant to the execution of this 
instruction. 


Instruction F ormat. 


v=1: d specifies the number of digit positions 
to the right of a decimal point provided by the 
Data Processor. d = 0 means 10. 


nn: — specifies the number of words to be printed. nn 
= 00 means 100. 


Vv: variation designator: 


v= 1: the Data Processor will insert a decimal 
point in the place specified by d. 


v = 0: no decimal point insertion. 


aaaa: address of base of location of first word to be 
printed. 


Description of Operation. Print, on the Supervisory 
Printer, nn words from consecutively addressed locations, 
beginning with (B[aaaa]). The next word is taken from 
B[aaaa] + 1. Andso forth. 


The abilities to control zero suppression and/or to print 
the contents of a location exactly as a word appears in 
core storage-—for example, to prevent the translation of 
an alphanumeric word—are controlled by four switches, 
two of them on the Control Console (the HOLD PZT 
to ZERO and PUNCH SUPPRESS—LEADING ZEROS), 
and two of them on the Supervisory Printer, (the MAP 
MEMORY—NORMAL and ZERO SUPPRESS—NOR- 
MAL). The function of these switches is described in 
detail in the Handbook of Operating Procedures for the 
BURROUGHS 220. 


Flow Chart. 


C ) CLEAR rE, riB. 


(rC:04) —>rE. 
(rC:32) — 1 =e rC:32. 


STORAGE 
ALARM STOP. | 


(_) SET UP FOR ALPHA- 
NUMERIC TRANSLATION. 


PRINT WORD 


(rC:32) = 00 


(rC:32) + 00 


(rC:04) + 1 —» rC:04 


OPERATION 
COMPLETE 


Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 
address. 


2. Digit Check ALARM STOP due to an impermissible 


configuration. 


3. Paper Tape ALARM STOP due to Supervisory 


Printer being in a not-ready status. 


Remarks. v + 1 has the same effect as v = 0. 


The Control Console 


Contents after 
execution of SPO 


Unchanged 


Register Status. 


Register 
name 


Unchanged 


(Bl aaaa | 
Unchanged 
(rP), + ] 


[a], 9], 9B iagaa) + om — 1 


B[aaaa] + nn — 1* 


* If nn = 00, B[aaaa] + nn =~ Blaaaa] + 100. 


Register Contents if Storage 
name ALARM STOP occurs 


Unchanged 


Unchanged 
Last word printed 
Unchanged 
(rP), + 1 


R 
D 
B 
P 
C 
E 


** See flow chart. 
**** Address of location causing ALARM STOP. 


BRANCH, CONTROL SWITCH (BCS) 


Operation Code. 38 


12345 


Instruction Format. 


Definitions. 
u: designates PROGRAM CONTROL SWITCH to 
be tested. 


address of base of location of alternate instruc- 
tion. 


aaaa: 


Description of Operation. if PROGRAM CONTROL 
SWITCH u is “on,” branch to location B[aaaa], 1.e., 
prepare to take the next instruction from B[aaaa]. If 
SWITCH u is “off,” control continues in sequence. 


The Control Console 


Flow Chart. 


() CLEAR rE, riB. 


PROGRAM CONTROL 


SWITCH U IS “OFF.” 


PROGRAM CONTROL 
SWITCH U 1S "ON." 


(rC:04) = Blaaaa] —» rP 


( ) OPERATION COMPLETE. 


Exceptional Conditions. None. 
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Register Status. 


Contents after 


Register 
name 
A 
R 
D 


execution of BCS 


Unchanged 
Unchanged 
ESE ECS 
Unchanged 


B[aaaa], if SWITCH u is “on” 
(rP), + 1, if SWITCH u is “off” 


Tits [5,8 | Blepasil 


Cleared 


GENERAL 


Auxiliary storage capacity is provided through the me- 
dium of magnetic tape. The components of the magnetic- 
tape system are the Magnetic-Tape Control Unit, the 
Magnetic-Tape Storage Unit, and the DATAFILE* Unit. 


Magnetic tape is “edited” prior to its initial use to insure 
a flawless writing medium. It may be re-edited at any 
time. 


Additional protection of information recorded on mag- 
netic tape is afforded by the use of a file protect ring: it 
is possible to write or edit only on reels—used by the tape 
storage unit—which are not equipped with a file protect 
ring. On the DATAFILE Unit there is a Write Lock Out 
Switch for each piece of tape plus a Master Lock Out 
switch for the entire unit; writing can occur only when 
the master switch and the appropriate individual switch 
are in the “write” position. 


Information is recorded on tape in blocks whose lengths 
may vary from ten to one hundred words; no two adja- 
cent blocks need be the same length. From one to ten 
A th ann inctruntian 


aw ha wenittan a aad wars 
say yu WHYAALELLL VU WALL FV ALLE VAEW LEAOLE LEVEL Ie 


The first data word of a block is regarded as its keyword. 
It is possible to search’ for a block with a given keyword. 
Once initiated, the searching operation is carried out 
independently of Data Processor control. 


Any one of the first ten words may identify a category. 


It is possible to “scan” for blocks belonging to a specified 
category. Once initiated, the scanning operation is car- 
ried out independently of the Data Processor. (Search 
and scan are executed in distinct and different manners. 
The nature of the execution of each will be described in 


detail. ) 


Information is transferred between the Data Processor 
and magnetic tape at a nominal rate of 25,000 digits per 
second. 


THE MAGNETIC-TAPE STORAGE UNIT 


The Magnetic-Tape Storage Unit handles reels of mag- 
netic tape, each reel containing up to 3500 feet of tape 
plus a 12 foot conductive leader at each end; the reels 


* Trade-mark of the Burroughs Corporation. 


The Magnetic-Tape System 


are 10-1/2 inches in diameter. Although the number of 
on-line tape storage units in a system cannot exceed ten, 
the number of reels of tape which can be used is limited 
only by the magnitude of the task to be accomplished. 


Recording on magnetic tape is accomplished by a read- 
write mechanism (called the read-write head) over which 
tape is moved as it is wound on or unwound from the 
feed and take-up reels. Actually, there are two heads on 
each unit, fixed in position with respect to each other, to 
permit the recording of two parallel lanes of information 
on each piece of tape. The lanes are distinguished as the 
“even” and “odd” lanes, or lanes 0 and 1, respectively. 


The tape drive mechanism is capable of moving tape in 
either of two directions, from feed reel to take-up reel— 
the forward direction—or from take-up reel to feed reel 
—the backward direction. The direction in which tape 
will be moved is a function of the operation being per- 
formed; it will be specified as each operation is described. 


THE DATAFILE UNIT 


The DATAFILE Unit holds fifty lengths of magnetic tape, 
each 270 feet in length (including a 6 foot conductive 
leader at each end), and each hanging freely in its own 
static-free bin. The bins are parallel to each other, so that 
the tapes are parallel to one another along their lengths. 


In the DATAFILE, however, the performance of a speci- 


— fied operation which involves any one of the 100 lanes is 


accomplished by a single, movable read-write head mount- 
ed on the carriage assembly. The carriage assembly, which 
is driven across the width of the DATAFILE Unit on a 
horizontal support rod, can be positioned under any tape 
in the DATAFILE Unit. While the carriage assembly is 
moving, the read-write head is adjusted for either the 
even lane or the odd lane of the desired tape. Each lane 
in a DATAFILE Unit is distinguished uniquely by a two- 
digit number, in order, from 00 through 99. If we con- 
sider the tapes as numbered from 1 through 50, in order, 
from left to right, then tape number k contains lanes 
number 2k — 2 and 2k - 1. 


Tape can be driven from the forward section of the bin 
to the rear section of the bin—the forward direction— 
or from the rear section of the bin to the forward section 
of the bin—the backward direction. Only the selected tape 
is driven. 


* By “searching” is meant the ability to locate in the tape file a specified block without the necessity of passing a substantial part of the 
file through the Data Processor in order to identify the desired block. The search operation will be defined more explicitly in context. 


The Magnetic-Tape System 


Logically, to the Magnetic-Tape Control Unit, the DATA- 
FILE Unit and tape storage units are indistinguishable. 
For this reason, in the description which follows, the text 
will not distinguish between the units unless some charac- 
teristic—capacity, for example—requires mention of the 
difference. 


TAPE FORMAT 
Magnetic tape used in a BURROUGHS 220 system has 


provision for recording two lanes of information, parallel 
to one another, along the length of each tape. In each 
lane six channels are recorded: channels one through four 
are used to record decimal-digital information in the 8, 
4, 2, 1- binary code; channel five is used to provide an 


even-parity bit; and channel six is used for control pur- | 


poses. 


In each lane the recording density is approximately 208 
digits per linear inch of tape. Tape is transported at the 
rate of 120 inches per second. The nominal transfer rate, 
therefore, is approximately 25,000 digits per second. 


Conductive leaders, spliced to each end of a length of 
magnetic tape, serve to indicate the physical beginning 
and end of the tape to the Data Processor. Once the con- 
ductive leader is reached, the magnetic tape can be driven 
no further without reversing its direction. 


Magnetic beginning-of-tape and end-of-tape are recorded 
during the editing process. During the editing process 
magnetic beginning-of-tape is overwritten by flaw mark- 
ers to insure that information cannot be recorded too near 
the physical beginning of the tape. The magnetic end-of- 
tape area is sufficiently long to permit both the comple- 
tion of any initial writing operation in progress when it 
is encountered as well as the initial writing of necessary 
end-of-tape control blocks before physical end-of-tape is 
encountered. 


At least 6,500 hundred-word blocks will fit on a full 
3,500-foot reel of tape—allowing for magnetic beginning 
and end-of-tape and a nominal number of flaws. 


A block (of information) on magnetic tape is defined as 
the information which is recorded between two inter-block 
gaps (except for the last block, which is followed by blank 
tape in case all of the tape is not used, or by the magnetic 
end-of-tape). Associated with each block is a preface 
word. The preface word contains a two-digit number 
which specifies how many words are contained in the 
block with which the preface is associated. The manner 
of reading or writing the preface will be described. 


The minimum block size is ten words; the maximum 
block size is 100 words. An attempt to write a block of 
information whose length is less than ten words will re- 
sult in a Magnetic-Tape ALARM STOP unless the block 
is an end-of-tape block, where one word is designated. 
The format of the writing instructions precludes specifi- 
cation of a block length in excess of 100 words. 


A typical k-word-long block layout is shown in figure 
4-1. From the figure we obtain the information that a 
block of k words occupies space for 72 + 12k digits, 
including the space for one inter-block gap. However, 
only 11k digits represent data useful to a program. Table 
4-1 shows how the percentage of useful information var- 
ies with block size. 


Since approximately 208 digits can be recorded per linear 
inch of tape, the number of digit spaces per 100 feet of 
tape in one lane is: 


Qioo = 208 digits x 12 wnenee < 100 feet 
nch foot 
= 250,000 digit spaces. 


Table 4-1. Percentage of useful data in a block 


Words per Useful Data Total Digit 
Block (k) (11k) Count (72 + 12k) 
10 110 192 


°%, of Useful 
Data 


312 


Inter-block gap 


Preface word 


Preface gap 


Timing character 


First data word 


(Keyword) 


Keyword gap 


Timing character 


Second data word 
Third data word 


Timing character 


k,, data word 


End-of-block character 


* Timing characters for words 4 through k — 1. 
** Digits for words 4 through k — 1. 
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DIGIT SPACES 


Identification Information and Timing 
30 
7 
10 
1 
1] 
4, 
1 
11 
1 
11 
k—4* 
ll (k.— 4) ** 
1 
11 
1 
20 
72 12k 


Figure 4-1. Block format (not to scale) 


THE EDITING PROCESS 


The editing procedure consists of an examination of 
magnetic tape to determine whether there are any imper- 
fections—i.e., flaws—on it, and the subsequent “dele- 
tion” of the flaws by preceding them with flaw markers. 
A sufficient number of flaw markers are recorded pre- 
ceding a flaw so that any block which is being written 
when the flaw-marked area is encountered can be com- 
pletely written before the actual flaw is encountered. Be- 
fore the next block is written, the remainder of the 
flaw-marked area and the flaw are skipped. 
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MAGNETIC-TAPE STORAGE UNITS 


All Magnetic-Tape Storage Units are provided with the 
ability to edit tape. Prior to editing, however, it is nec- 
essary to distinguish two cases: new tape, and tape which 
has been used (i.e., which is to be re-edited). 


If the tape has been used, it should bear a label which 
can be verified, under program control, as identifying a 
tape which it is safe to edit. After verification, necessary 
monitoring information and/or directions to the operator 
can be printed on the Supervisory Printer, following 
which the editing procedure can be initiated. 
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Table 4-2. Number of blocks and words of useful data recorded in 
100 feet of flaw-free tape in one lane 


Block Number 
size of blocks 


Number of words 
of useful data 


(k words) [250,000/(72 + 12k)] = B (W = B X k) 


1,302.08 
801.25 
978.70 
450.28 
372.02 
315.65 
274.11 
242.24 
217.01 
196.54 


If the tape is new, it will not bear a label for interroga- 
tion, but it is possible to distinguish tape which has no 
information written on it. If a MAGNETIC-TAPE READ 
(MRD) instruction is issued to a tape which is blank, 
tape motion will be started and continued in an effort to 
find written information; thus, the tape will be moved to 
the end, unless there is manual intervention. 


Tapes should be degaussed prior to each edit. 


The initiation of the editing procedure begins with the 
simultaneous depression by the operator of the EDIT 
indicator and the EDIT button on the tape storage unit. 
The precise sequence of steps to initiate editing is de- 
scribed in the Handbook of Operating Procedures for the 
BURROUGHS 220. Once initiated, editing is carried out 
independently of both the Magnetic-Tape Control Unit 
and the Data Processor. 


When the two EDIT buttons are depressed, tape movement 
starts in the forward direction. After reaching the physi- 
cal end-of-tape, the direction of motion is reversed. Tape 
movement ceases and the editing process has been com- 
pleted when the physical beginning-of-tape is reached. 
During these two passes the following are accomplished: 


1. At the beginning of the forward pass, magnetic 
beginning-of-tape (flux changes in all information 
channels) is written in both lanes simultaneously 
for approximately 10 feet. This will appear as flaw 
markers after editing is completed (see 4 below). 


2. During the remainder of the forward pass, the tape 
is “erased.” 


3. At the beginning of the backward pass, magnetic 
end-of-tape (flux changes in the parity channel only) 
is written in both lanes simultaneously for approxi- 
mately 14 feet. 
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13.020 
16,025 
17,361 
18.011 
18,601 
18,939 
19,187 
19,379 
19,530 
19,654 


4. During the remainder of the backward pass, when- 
ever a flaw is discovered in either lane, flaw mark- 
ers (flux changes in all information channels) are 
written simultaneously in both lanes. Magnetic be- 
einning-of-tape appears to be covered with flaws and 
is overwritten with flaw markers. 


Of course, a tape label should be written after the editing 
process so that the tape may be identified. under program 
control, as one which has been edited and which is ready 
for initial writing. 


DATAFILE UNITS 
In DATAFILE Units, it is possible to edit all tapes auto- 


matically or to edit individual tapes. To edit all tapes, 
the Automatic Edit and Start Edit pushbuttons must be 
depressed simultaneously by the operator. Individual tapes 
are edited by depressing the Single Tape Edit and Start 
Edit pushbuttons simultaneously. Any tape to be edited 
must be in the “write” status. 


Each tape to be edited is driven back and forth a total 
of eight times (four times per lane). 


1. In the first forward pass, magnetic flux is laid down 
at digit rate in all six channels of the lane. The 
polarity of this flux is reversed each digit time. 
Writing takes place to within one inch of the con- 
ductive leader on each end of the tape. 


2. During the first reverse pass, flux changes are read 
in all six channels of the lane. If a flux change is 
not read in every channel each digit time or if an 
extra flux change is read, a flaw is assumed. When 
a flaw is detected, the 2 channel is erased for a dis- 
tance of 55 words beyond the flaw. The 2 channel 
then resets to “read,” and reading continues until 
another flaw is detected or until the beginning con- 
ductive leader is sensed. 
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3. In the second forward pass, the first 55 words of change (marking a flaw), the flux changes in the 
the 2 channel only are erased. The tape is then 1, 4, and 8 channels are retained for a distance of 
driven to the end conductive leader. 110 words. Then, the 1, 4, and 8 channels are again 

erased. This procedure is continued until the begin- 

4. During the second reverse pass, the control channel ning conductive leader is sensed. 
is erased completely. Flux changes are left in the After the beginning-of-tape conductive leader has been 
parity channel for five feet. The remainder of the sensed, flux changes are written in the 1, 4, and 8 chan- 
parity channel is then erased. As long as flux chang- nels for five feet. The read-write head is then moved to 
es are sensed in the 2 channel, the 1, 4, and 8 the second lane of the tane and the above procedure is 
channels are erased. If the 2 channel has no flux repeated. 


Table 4-3. Defining the end-of-tape block 


Description of effect on 
Operation encountering End-of-Tape Block 


MAGNETIC-TAPE INITIAL WRITE (MIW) Not applicable, since tape is newly edited. 


MAGNETIC-TAPE INITIAL WRITE, RECORD 
(MIR) 


MAGNETIC-TAPE OVERWRITE (MOW) 


If prefaces match, end-of-tape block is overwritten 
just like any other block. 


MAGNETIC-TAPE OVERWRITE, RECORD 
(MOR) 


If prefaces do not match: 


1. Terminate the operation; 


2. Position tape so “next” block can be written; 
3. Store (rP) in aaaa:04 and (rC:04.) in aaaa:64; and 
. Transfer control to B[ bbbb] (i.e., B[ bbbb] > rP). 


MAGNETIC-TAPE READ (MRD) 
MAGNETIC-TAPE READ, RECORD (MRR) 


. No words are transferred to storage; 


.. Terminate the oneration; 


. Store (rP) in aaaa:04 and (rC:04) in aaaa:64; and 
. Transfer control to B[bbbb] (i-e., B[bbbb] > rP). 


1 
2 
3. Position tape so “next” block can be read; 
4 
5 


MAGNETIC-TAPE SEARCH (MTS) 
MAGNETIC-TAPE FIELD SEARCH (MFS) 


. When a tape is moving forward: 


a. Terminate the operation; and 


b. Position tape so end-of-tape block can be read. 


2. When tape is moving backward the end-of-tape block 
is treated as a normal block. 


1. Terminate the operation; and 
2. Position tape so end-of-tape block can be read. 


Treated as a normal block. 


MAGNETIC-TAPE SCAN (MTC) 
MAGNETIC-TAPE FIELD SCAN (MFC) 


MAGNETIC-TAPE POSITION 
FORWARD (MPF) 


MAGNETIC-TAPE POSITION 
BACKWARD (MPB) 


MAGNETIC-TAPE POSITION AT END OF 
INFORMATION (MPE) 


MAGNETIC-TAPE REWIND (MRW) 


MAGNETIC-TAPE REWIND, 
DEACTIVATE (MDA) 


Rewind ignores all information written on tape. 
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Editing is performed independently of both the Data 
Processor and the Tape Control Unit. A “not ready” con- 
dition is established for the unit being edited. 


WRITING ON NEWLY EDITED TAPE 


The establishment of format on newly edited tape is ac- 
complished by execution of MAGNETIC-TAPE INITIAL 
WRITE (MIW) or MAGNETIC-TAPE INITIAL WRITE, 
RECORD (MIR) instructions. These instructions write 
the preface associated with each block as well as the 
block itself. MIW is used to write from one to ten blocks, 
all of which contain the same number of words; MIR is 
used to write from one to ten blocks, no two of which 
need to contain the same number of words. 


Two kinds of blocks are used to provide terminal-condi- 
tion control: one is called an “end-of-tape block,” the 


other a “control block.” Except for its contents, each of 
these blocks is completely defined by the manner in which 
it is regarded during the execution of instructions. Table 
4-3 defines the end-of-tape block; Table 4-4 defines the 
control block. The reader is cautioned that some of the 
defining conditions will become more meaningful only 
after he has a grasp of the manner in which instructions 
are executed. 


The end-of-tape block is a one-word block, i.e., its preface 
is 01, which occupies the space of a ten-word block when 
it is written on tape. An end-of-tape block is the only 
block which can be written if the preface specified is less 
than ten. A block length of 02 through 09 will cause a 
Magnetic-Tape ALARM STOP to occur. 


The first word of the end-of-tape block is the only word 
of the block which contains information relevant to the 


Table 4-4. Defining the control block 


MAGNETIC-TAPE INITIAL WRITE (MIW) 
MAGNETIC-TAPE INITIAL WRITE, 
RECORD (MIR) 


MAGNETIC-TAPE OVERWRITE (MOW) 


MAGNETIC-TAPE OVERWRITE, 
RECORD (MOR) 


MAGNETIC-TAPE READ (MRD) 
MAGNETIC-TAPE READ, RECORD (MRR) 


MAGNETIC-TAPE SEARCH (MTS) 
MAGNETIC-TAPE FIELD SEARCH (MFS) 


MAGNETIC-TAPE SCAN (MTC) 
MAGNETIC-TAPE FIELD SCAN (MFC) 


MAGNETIC-TAPE POSITION 
FORWARD (MPF) 


MAGNETIC-TAPE POSITION 
BACKWARD (MPB) 


MAGNETIC-TAPE POSITION AT END OF 
INFORMATION (MPE) 


MAGNETIC-TAPE REWIND (MRW) 


MAGNETIC-TAPE REWIND, 
DEACTIVATE (MDA) 


Description of effect on . 
_ Operation . encountering Control Block 


Not applicable, since tape is newly edited. 


If prefaces match, control block is overwritten. 


If prefaces do not match, a Magnetic-Tape 
ALARM STOP occurs. 


. All words but the control word, the last word, are 


. Terminate the operation; 

. Position tape to read the next block; 
. Store (rP) in aaaa:04 and (rC:04) in aaaa:64; and 
. Transfer control to B[bbbb] (i.e. B[ bbbb] > rP). | 


ne W bo 


Treated as a normal block. 


1. Terminate the operation; and 
2. Position tape so control block can be read. 


Treated as a normal block. 


Rewind ignores all information written on tape. 


transferred to memory; 


program (the rest of the block written on tape is an erase 
block which automatically is supplied by the tape control 
unit). The format of the relevant word is the following: 
-++ ii aaaa bbbb. The sign digit may be used to specify 
B-register address-modification of bbbb when the control 
word is read; ii are not relevant; aaaa is the address of 
the location in which will be stored information enabling 
the program to determine the circumstances in which the 
end-of-tape block is encountered (see Table 4-3), and 
B[bbbb] is the address of an alternate instruction, that 
is, the address of the location to which control is trans- 
ferred when the block is encountered. 


A control block is a uniquely identified block, namely 
any block, with the exception of an end-of-tape block, 
with a 7 in the sign-digit position of the keyword.” End- 
of-tape blocks cannot also be used as control blocks: if 
an end-of-tape block has a 7 in the sign-digit position of 
the control word, the 7 will not be recognized as desig- 
nating a control block. 


The last word of a control block is a control word which 
has the same format as the control word in an end-of-tape 
block. The control word in a control block serves the 
same function as the control word in an end-of-tape block. 


(See Table 4-4 for details. ) 
A MPE instruction should precede the first MIW or MIR 


instruction issued to a particular tape to position the tape 
at the end of the magnetic beginning-of-tape flaw markers. 
The writing of the first preface does not begin until an 
amount of blank tape equivalent to inter-block gap is 
passed. The writing of each subsequent preface is subject 
io ihe same resiviciion: after ihe end-vl-block characier 
and erase gap are written—or sensed, if another MIW 
or MIR instruction is issued—writing is inhibited until 
an amount of tape equivalent to inter-block gap is passed. 
In this manner, writing in the flaw-marked area at the 
beginning of tape is prevented; also, writing over a flaw 
is prevented, since a flaw-marked area preceding an im- 
perfection is long enough to permit the completion of the 
writing of any maximum-length block if the flaw-marked 
area is encountered while writing is in process. 


The magnetic end-of-tape condition is established at the 
completion of the operation if magnetic end-of-tape is 
encountered during the execution of a MIW or MIR in- 
struction. The writing operation will be completed: during 
the editing process the amount of tape marked as mag- 
netic end-of-tape is more than sufficient to permit the 
completion of any instruction which may be in progress 
at the time magnetic end-of-tape is encountered as well 
as the writing of the control information. - 


Every MIW and MIR instruction must either be preceded 
or followed by a MAGNETIC-TAPE INTERROGATE 
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END-OF-TAPE, BRANCH (MIE) instruction to deter- 
mine whether magnetic end-of-tape was encountered by 
the last MIW or MIR instruction. It is imperative that 
the MIW or MIR operation be completed before initiating 
the MIE instruction. The MIE, therefore, must be im- 
mediately preceded by a MAGNETIC-TAPE INTERRO- 
GATE, BRANCH (MIB) instruction. 


Example: 

Location Conirol Op Address 
1000 1000 MIB 1002 
1001 BUN 1000 
1002 1001 MIE yyyy 
1003 1101 MIW aaaa 


If magnetic end-of-tape was encountered, a control or 
end-of-tape block must be written to identify the end of 
information. 


SEARCH 
MAGNETIC-TAPE SEARCH (MTS) is an instruction 


which provides the ability to locate in a tape file a speci- 
fied block. The block specified is the one whose first 
word, or keyword, is identical with a specified search 
key. The sign digit is excluded from the search key. Once 
initiated, searching is done under direction of the Mag- 
netic-Tape Control Unit, independently of the Data Proc- 
essor. 


The searching operation is executed as follows: tape is 
moved first in the forward direction until a block is - 
encountered whose keyword is greater than or equal to 
the search key.? The direction of tape motion is then 
reversed; tape moves backward until one of two events 
occurs: 


1. A block is found whose keyword is identical with 
the search key. In this case the operation terminates 
with tape positioned so that the head can read the 
block whose keyword is identical with the search 
key. 


2. A block is found whose keyword is less than the 
search key. In this case, the direction of tape motion 
is again reversed, and tape is moved in the forward 
direction. Tape movement stops with the head near 
the end of the block whose keyword is less than 
the search key. The head is in position to read the 
next block, that is, the first block whose keyword is 
greater than the search key. 


It is apparent from this last statement that a searching 
operation may terminate with the tape positioned so the 


* As will be seen, the sign-digit position of the keyword cannot be included in the search key; that is, the contents of the sign-digit position 
cannot be used as part of the keyword of a block. The sign-digit is also excluded from scan key. 


*In case an end-of-tape block is encountered during a searching operation, the operation is modified as indicated in Table 4-3. 
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head can read a block whose keyword is different from 
the search key. Hence, it is necessary to verify, under 
program control, that the block sought has been found. 


It should be noted, also, that the nature of the searching 
operation imposes one important requirement on the 
structure of a file: the blocks which are written in any 
lane must be arranged in order of increasing keywords, 
from beginning to end, if the searching operation is to be 
used. Techniques for partitioning a lane so that it may 
contain a part or all of more than one file must also order 
each file within partitions. 


It is possible to execute a search instruction using a par- 
tial-word search key. The definition of the partial-word 
boundaries, sL, must be pre-set in the two high-order digit 
positions in the B-register [that is, sL = (rB:82) ]. The 
instruction is MAGNETIC-TAPE FIELD SEARCH 
(MFS). 


SCAN 


MAGNETIC-TAPE SCAN (MTC) is an instruction which 
provides the ability to locate blocks having a code which 
categorizes the blocks as belonging to a certain class; for 
example, from an accounts receivable file we may wish 
to examine the record of every account which is delin- 
quent. 


The category code of a block may be in any one of the 
first ten words of the block. The sign-digit position of a 
word is excluded from the category code. 


The scanning operation is executed as follows: tape is 
moved in the forward direction in an attempt to locate 
a block whose category code is identical with the scan 
key. The operation will terminate when either of two 
events occurs: 


1. A block is found whose category code is identical 
with the scan key. The operation terminates with 
the head in position to read the block whose cate- 
gory code is identical with the scan key. Or, 


2. A control block or end-of-tape block is encountered, 
in which case the operation terminates with the head 
in position to read the control or end-of-tape block. 


Note that a scanning operation can terminate without 
having located a sought-for block. Hence, it is necessary 
to verify, under program control, that a sought-for block 
has been found. 


It is possible to execute a scanning operation using a 
partial-word scan key. The definition of the partial-word 
boundaries, sL, must be pre-set in the two high-order digit 
positions in the B-register [that is, sL = (rB:82) ]. 
The instruction is MAGNETIC-TAPE FIELD SCAN 
(MFC). 
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READING 


It is possible to read from one to ten blocks with one 
instruction. If these blocks are all the same length, a 
MAGNETIC-TAPE READ (MRD) instruction is exe- 
cuted. The first word of the first block read (the keyword 
of that block) is stored in memory in the location whose 
address is specified in the MRD instruction. Succeeding 
words of the first, and all following blocks, are written 
into consecutively addressed locations following the loca- 
tion whose address is specified in the instruction. 


If the blocks to be read are of variable lengths, i.e., their 
lengths are not known to the program in advance, a 
MAGNETIC-TAPE READ, RECORD (MRR) instruction 
is executed. This instruction causes the preface (which 
specifies how many words are contained in the block) 
associated with each block to be read into storage im- 
mediately preceding the first word of the associated 
block. Suppose, for example, that the instruction orders 
three blocks to be read, that the address specified in the 
instruction is 1001, and that the three blocks are, in or- 
der, 23, 37, and 17 words long. Figure 4-2 shows the 
allocation of storage after completion of the instruction. 


Note that the preface occupies the two high-order digit 
positions of the location in which it is stored. 


Note also that Figure 4-2 shows the allocation of storage 
required for the execution of a MAGNETIC-TAPE INI- 
TIAL WRITE, RECORD instruction. 


0 2300 00 0000 (preface of first block) 
Keyword of first block 


23rd word of first block 


0 3700 00 0000 (preface of second 
block ) 


Keyword of second block 


e 
e 


37th word of second block 


0 1700 00 0000 (preface of third 
block) 
Keyword of third block 


17th word of third block 


Figure 4-2. Example of allocation of storage on 


execution of MRR 


It is possible for a read instruction to be terminated with- 
out having read as many blocks as are specified in the 
instruction. This event may occur in case a control or 
end-of-tape block is encountered during the operation. 
The consequences of encountering a control or end-of- 
tape block during a reading operation are specified in 
Table 4-4 and Table 4-3, respectively. 


OVERWRITING 
The Magnetic-Tape System of the BURROUGHS 220 fea- 


tures the ability to modify information already recorded 
on tape. That is, the contents of any block may be al- 
tered, as required, without the need to copy the entire 
tape. This ability is provided by two instructions, MAG- 
NETIC-TAPE OVERWRITE (MOW) and MAGNETIC- 
TAPE OVERWRITE, RECORD (MOR). 


The execution of these instructions differs from the exe- 
cution of the corresponding MIW and MIR instructions 
only in these essential respects: 


1. It is not possible to execute MOW or MOR on 
newly-edited tape. If an attempt is made to overwrite 
on newly-edited tape, the tape will be moved to the 
physical end-of-tape marker, unless there is manual 


intervention. 


2. Before overwriting begins, the preface written on 
tape is compared with the preface specified by the 
instruction. If the prefaces are identical, the block 
on tape will be overwritten; otherwise, a Magnetic- 
Tape ALARM STOP will occur, unless the mismatch 


occurs with an end-of-tane block. (See Table 4-2.) 


The contents of a control block or end-of-tape block may 
be modified using the MOW or MOR instructions. 


POSITIONING 


MAGNETIC-TAPE POSITION FORWARD (MPF) and 
MAGNETIC-TAPE POSITION BACKWARD (MPB) 
permit tape to be moved forward or backward, respec- 
tively, passing over from one to ten blocks. Once initiated, 
these instructions are executed under direction of the 
Magnetic-Tape Control Unit, independently of the Data 
Processor. 


MAGNETIC-TAPE POSITION AT END OF INFORMA- 
TION (MPE) moves tape, positioning it so that the read- 
write head is near the end of the last block written (that 
is, near the end of information), ready to initial write 
the next block. 


MAGNETIC-TAPE REWIND (MRW) and MAGNETIC. 
TAPE REWIND, DE-ACTIVATE (MDA) allow tape to 
be rewound at the direction of the program. Once ini- 
tiated, these instructions are executed under direction of 
the Magnetic-Tape Storage Unit or DATAFILE Unit, 
independently of both the Data Processor and the Mag- 
netic-Tape Control Unit. On a Tape Storage Unit the 
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MDA instruction differs from MRW in one essential re- 
spect: MDA causes interlock to be set; the interlock must 
be released manually by the system operator before the 
tape unit specified can be used by the program. If an 
instruction refers to a unit which is inoperative because 
the interlock has not been released, a Magnetic-Tape 
ALARM STOP will occur. On a DATAFILE Unit the 


MDA functions in the same manner as a MRW. 


WS i0F 


MAGNETIC.TAPE LANE SELECT (MLS) allo 


the positioning of a read-write head in a specified lane 
without any tape motion. 


INTERROGATION 
MAGNETIC-TAPE INTERROGATE, BRANCH (MIB) 


permits the program to determine if a designated tape 
unit is ready to be used. If the unit queried is ready, con- 
trol is transferred. If the unit is not ready, or turned off, 
control will continue in sequence. 


INPUT SIGN CONTROL 


MAGNETIC-TAPE READ and MAGNETIC-TAPE READ, 
RECORD may be coded to permit B-register address- 
modification of designated words read from magnetic 
tape. 


B-register address-modification can occur only if (rC:41) 
/8=1. The word read from tape is examined in the D 
register to see if B-register address-modification is desig- 
nated. 


1 TL ¢ aa wie wd ES a eS 
de 2E | i 


BARA) aA Aan a 
5 TLOBIOUCA QUULTSOS*LLVUILSE Llu 
same time, (rD:+1) /8 is set to 
zero. 


2. If (rD:+1)/8=0, no modification of the word 
read from tape will occur. 


There is one exception to the above; if B-register address- 
modification of a control word (in a control or end-of- 
tape block) is intended, the sign digit of the control word 
should be odd. Then, when the control word is read, 
B-register address-modification will occur no matter how 
the instruction is coded. 


PARITY CHECKING 


As noted above, every digit is written on magnetic tape 
with an even-parity bit. A parity error can be detected, 
however, only during the portion of an operation in 
which the read-write head is in “read” status. For exam- 
ple, the head is in “read” status during an entire search- 
ing operation. 


Generally speaking, the detection of parity errors falls 
into two classes: 


1. The detection of errors in the part of the block 
which is relevant to the instruction being executed. 
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(For example, the block keyword when searching; 
the entire block when reading.) This is called a 
Class I error. 


2. The detection of errors in a part of the block which 
is not relevant to the instruction being executed. 2 
(For example, all words other than the block key- 
word when searching.) This is called a Class II 


error. 


In the BURROUGHS 220, only parity errors which fall 
into the first class are detected. The detection of Class II 
errors is ignored. Table 4-5 defines the Class I errors. 


In conclusion, two statements can be made about parity 
errors: 


1. The detection of a parity error has priority over 


be a parity error in the preface or a preface mis- 
match. (See page 4-20.) Should both of these errors 
occur in the same preface, the parity error has pri- 
ority over the preface mismatch. 


. The initial detection of a parity error results, auto- 


matically, in two attempts to repeat the operation 
during which the error is detected in an attempt to 
eliminate the detected error. For example, if the 
error is detected during MAGNETIC-TAPE READ, 
two additional attempts will be made to read the 
block. In case the parity error cannot be eliminated, 
a Magnetic-Tape ALARM STOP will occur. Tape 
movement will stop with the head positioned to read 
the block in which the error was detected. 


any other kind of error which might occur simul- In MRD and MRR the block in question will have been 


taneously. For example, during the performing of read 


from tape and stored in core storage. If the error 


a MAGNETIC-TAPE OVERWRITE instruction sev- is a forbidden combination the 8 bit of the digit in error 


eral kinds of errors may occur. Among these could will be suppressed. 


Table 4-5. Definition of Class | parity errors 


MAGNETIC-TAPE SEARCH 1. Keyword 
2 


Preface of end-of-tape 


MAGNETIC-TAPE FIELD a 
SEARCH 


MAGNETIC-TAPE SCAN . Category code. 

. Control block marker- 
MAGNETIC-TAPE FIELD digit in keyword of block. 
SCAN 


Preface of end-of-tape 


block. 


MAGNETIC-TAPE READ . Entire block. 
Preface. 
MAGNETIC-TAPE READ, 


RECORD Control block marker-digit 


in keyword of block. 


MAGNETIC-TAPE OVER. 
WRITE 


MAGNETIC-TAPE OVER. 
WRITE, RECORD 
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Correct keyword, but appears to be 

a. incorrect. 

b. correct (if the parity bit is “dropped”). 
Incorrect keyword, but appears to be 

a. correct. 

b. incorrect. 


End-of-tape block must be recognized. 


Correct category code, but appears to be 

a. incorrect 

b. correct (if the parity bit is “dropped”). 
Incorrect category code, but appears to be 
a. correct. 

b. incorrect. 

Control block must be recognized. 
End-of-tape block must be recognized. 


Control block must be recognized. 
End-of-tape block must be recognized. 


Correct preface, but appears to be 

a. incorrect. 

b. correct (if parity bit is “dropped”). 
Incorrect preface, but appears to be 

a. correct. 

b. incorrect. 


Parity has priority over preface mismatch. 


DIGIT-COUNT/WORD-COUNT CHECKING 


Preceding every word written on tape is a timing charac- 
ter. During reading operations this character is used by 
the Magnetic-Tape Control Unit to verify that every word 
read is 1] digits long. 


During reading operations the preface associated with 
the block being read is used by the Magnetic-Tape Con- 
trol Unit to verify that all of the data words in the block 
have been read. 


If, during a reading operation, the digit count and/or 
the word count fail to check, two additional attempts will 
be made to read the block in question. These re-tries are 
made automatically under direction of the Magnetic-Tape 
Control Unit. If the digit count or the word count fails 
to check in both of these attempts to read the block, a 
Magnetic-Tape ALARM STOP will occur, with the read- 
write head in position to read the block in which the 
error occurred. 


The questionable block will have been read from tape and 
stored in core storage. 


INFORMATION FLOW 


The generai nature of information flow during input and 
output was discussed in Chapter 2. In some details, how- 
ever, the flow of information during execution of mag- 
netic-tape operations is different from that indicated in 
Chapter 2. For this reason, the flow of information is 
described again below. 


TAIDTIM OT Atw 
Livrul rhluWyw 


Input flow is shown in Figure 4-3. 


1. (rD:00)—the D register contains an image of the 
instruction brought from storage during the Fetch 
Phase—are transferred to the T register in the Mag- 
netic-Tape Control Unit. 


. The address part of the C register—which specifies 
the location in storage where the first word read 
from tape will be stored—is copied into the four 
high-order digit positions of the C register, that is, 
(rC:04) — rC:44. This address is preserved in case 
a parity error is detected or the digit-count/word- 
count check fails and an attempt is made—under 
machine control—to re-read the block in which the 
error is detected: the Data Processor must have the 
address of the location into which is to be written 
the first word of the block read from tape. 


. The address part of the C register—which specifies 
the location in storage where the next word read 
from magnetic tape is to be stored—is transferred 
to the E register. At the same time, the address part 
of the C register is counted up 1. 


. The next word on tape is read and transferred to 
the D register. 
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5. The contents of the D register are then transferred 
to the IB register, with or without B-register modi- 
fication as specified and indicated. . 


. The contents of the IB register are transferred to 
storage. If all of the words of the block have not 
been read, there is a return to step 3 for the next 
word. 


If all of the blocks, as specified by the instruction, have 
not been read, there is a return to step 2 to prepare for 
reading the next block. 


Such modifications in the flow as are required when a 
control or end-of-tape block is encountered will be ex- 
plained in the description of the Execute Phase of the 
appropriate instruction. 


D REGISTER T REGISTER 
MAGNETIC 

GNENIC + 1234567890 @) 1234567890 
CONTROL 

UNI 


INFORMATION BUFFER 
REGISTER 


+1234567890 


2 HUTT 
C REGISTER 
1234567890 ® 


@) 
Hi © 


C] 


— REGISTER 


Figure 4-3. Input flow. 
OUTPUT FLOW 


Output flow is shown in Figure 4-4. 


1. (rD:00)—the D register contains an image of the 
instruction brought from storage—are transferred 
to the T register. 


. The address part of the C register—which specifies 
the location in storage from which will be taken 
the first word to be written on tape—is copied into 
the four high-order digit positions of the C register, 
that is, (rC:04) > rC:44. 


. The address part of the C register—which specifies 
the location in storage from which will be taken 
the next word to be written on tape—is transferred 
to the E register. At the same time, the address part 
of the C register is counted up 1. 


. The word is transferred from storage to the IB 
register. 
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5. The contents of the IB register pass through the 
adder to the Magnetic-Tape Control Unit and thence 
to the designated tape unit, with the low-order digit 
of the word written first. 


If all of the words of the block have not been written, 
there is a return to step 3 for the next word. 


If all of the blocks, as specified by the instruction, have 
not been written, there is a return to step 2 to prepare for 
writing the next block. 


D REGISTER 
'1234567890 


T REGISTER 
1234567890 


7) 


my 
INFORMATION BUFFER ©) 
REGISTER 


MAGNETIC- TAPE 
CONTROL UNIT 
C REGISTER 


1234567890 3] | 


HI) 


[ 


E 
REGISTER 


ae 
2 | 
cee 


Figure 4-4, Output flow. 


USE OF BURROUGHS 205 
MAGNETIC TAPE 


It is possible to read from magnetic tape which has been 
prepared by a BURROUGHS 205 system by using a 
205/220 Magnetic-Tape Converter. 


The reader may recall that a word is written on BUR- 
ROUGHS 205 magnetic tape with sign digit first, low- 
order digit last. BURROUGHS 220 tape, on the other 


hand, is written with low-order digit first, sign digit last. 


It is necessary, therefore, to invert the order of the digits 
in a word which may be written on BURROUGHS 205 
tape before the word can be processed in the BUR- 
ROUGHS 220. This may be accomplished, by means of 
an inversion program in the BURROUGHS 220, after the 


word has been read. 


EXCEPTIONAL CONDITIONS 


Following is a list summarizing conditions which can 
occur and are detected by the BURROUGHS 220. In ad- 
dition to those enumerated below, a Storage ALARM 
STOP (nonexistent address) and Program Check ALARM 
STOP (field overflow) can occur. 


A Magnetic-Tape ALARM STOP will occur: 
i 


Whenever a failure in parity is detected and attempts 
to eliminate the error have not been successful. Par- 
ity errors are defined by Table 4-5. 


. During a reading operation if either the digit count 
(per word) or the word count (per block) fails to 


check. 


. If an instruction specifies the writing of a block 


whose length is 2, 3, 4, 5, 6, 7, 8, or 9 words. 


. If the two prefaces are not identical during the exe- 
cution of a MOW or MOR instruction and the block 


on tape is not an end-of-tape block. 


. If an attempt is made to write on a unit which is 
in not-write status. 


. If the next instruction is one which initially moves 
tape in the forward direction when the tape is posi- 
tioned at physical end-of-tape. 


If physical end-of-tape is sensed during the execution of 
MTS, MFS, MTC, MFC, or MPF instructions, an “oper- 
ation complete” signal will not be generated. Manual in- 
tervention is required before processing can proceed. 


If physical beginning-of-tape is sensed during the exe- 
cution of MTS, MFS, or MPB instructions, an “operation 
complete” signal will not be generated. Manual interven- 
tion is required before processing can proceed. 


7. If the unit referred to by an instruction is inoper- 
ative. 


THE EXECUTE PHASE 


The remainder of Chapter 4 is devoted to a description 
of the Execute Phase of all the instructions which refer 
to magnetic tape. 


MAGNETIC-TAPE SEARCH (MTS) 
MAGNETIC-TAPE FIELD SEARCH (MFS) 
MAGNETIC-TAPE LANE SELECT (MLS) 
MAGNETIC-TAPE REWIND (MRW) 
MAGNETIC-TAPE REWIND, DE-ACTIVATE (MDA) 
Operation Code. 50 


+12345678090 


Definitions. 
u: 


hh: 


designates tape unit. 


if u is a tape storage unit, lane 0 or 1 is selected 
according as hh is an even or odd number. 


if uis a DATAFILE Unit, lane hh is selected. 


v: variation designator: 


v = 0: + = 0O or 1: MAGNETIC-TAPE 
SEARCH will be executed. 
+ = 4 or 5: MAGNETIC-TAPE 
FIELD SEARCH will be executed. 


v=4: MAGNETIC-TAPE LANE SELECT 
will be executed. 
v=8: MAGNETIC-TAPE REWIND will be 


executed. 


v=9: MAGNETIC-TAPE REWIND, DE-AC- 
TIVATE will be executed. 


aaaa: v=Q. 1. 2. 3 address of base of location of 
search key. 


v~0,1.2,3 aaaa is not relevant to the execu- 
tion of these instructions. 


Description of Operation. 


v = 0, + ~4 or 5: MAGNETIC-TAPE SEARCH will 
be executed. Search on unit u, in the lane specified by 
hh, for the block whose keyword is identical with 
(B[aaaa]:00), the search key. When the block sought 
has been found, the operation will terminate with the 
read-write head positioned to read the desired block. 
After MAGNETIC-TAPE SEARCH is initiated, it is exe- 
cuted under control of the Magnetic-Tape Control Unit, 
independently of the Data Processor. 


v = 0, + = 4 or 5: MAGNETIC-TAPE FIELD SEARCH 
will be executed. Search on unit u, in the lane snecified 
by hh, for the block, the corresponding part of whose 
keyword is identical with (B[aaaa]:sL), the partial-word 
search key. The partial-word boundaries are defined by 
(rB:82) = sL. When the block sought has been found, 


the operation will terminate with the read-write head po- 
sitioned to read the desired block. 


After MAGNETIC-TAPE FIELD SEARCH is initiated, 
it is executed under control of the Magnetic-Tape Control 
Unit, independently of the Data Processor. 


v = 4: MAGNETIC-TAPE LANE SELECT will be exe- 
cuted. On unit u, select the read-write head in the lane 
specified by hh. There is no tape movement. After MAG- 
NETIC-TAPE LANE SELECT is initiated it is executed 
under control of the Magnetic-Tape Control Unit, inde- 
pendently of the Data Processor. 


v = 9: MAGNETIC-TAPE REWIND, DE-ACTIVATE 
will be executed. Rewind unit u to the physical begin- 
ning-of-tape marker. At completion of the rewind, select 
the read-write head in the lane specified by hh. Then, 
-de-activate the unit. 


On a DATAFILE Unit, rewind tape containing lane hh on 
unit u. At completion of rewind, position head under lane 
hh. Unit is not de-activated. 
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After MAGNETIC-TAPE REWIND, DE-ACTIVATE is 
initiated, it is executed under control of the magnetic-tape 
unit, independently of both the Data Processor and Mag- 
netic-Tape Control Unit. MAGNETIC-TAPE REWIND. 
DE-ACTIVATE will operate the same as a MAGNETIC- 
TAPE REWIND when the unit addressed is a DATAFILE 
Unit. 


v = 8: MAGNETIC-TAPE REWIND will be executed. 
Except that ihe unii is not de-activated, this variation is 
the same as that executed when v = 9. 


Exceptional Conditions. 


1. Storage ALARM STOP caused by a nonexistent 
address. 


2. Program Check ALARM STOP. The test for field 
overflow is made before initiating the searching op- 
eration: if field overflow is detected, there will be no 
tape movement. 


3. Magnetic-Tape ALARM STOP caused by parity er- 


ror, end-of-tape error, or unit not ready. 


Remarks. 


1. The MAGNETIC-TAPE SEARCH or MAGNETIC. 
TAPE FIELD SEARCH variation will be selected 
for execution if v = 0, 1, 2, or 3. Which of MTS 
or MFS will be selected is determined by the sign 
digit of the instruction. 


2. The MAGNETIC-TAPE LANE SELECT variation 


will be selected for execution if v = 4, 5, 6, or 7. 


3. The nature of the searching operation is defined as 
follows: Tape movement starts in the forward direc- 
tion and continues in that direction until one of 
two events occurs: 


a. A block is encountered whose keyword is greater 
than or equal to the search key; or 


b. An end-of-tape block is encountered. When an 
end-of-tape block is encountered, the operation is 
terminated with the head in position to read the 


end-of-tape block. 


When (a) occurs, the direction of tape motion is re- 
versed. Tape continues to move in the backward direction 
until one of two events occurs: 


c. A block is encountered whose keyword is equal 
to the search key. In this case, the operation 
terminates with the head positioned to read the 
block whose keyword is identical with the search 
key. 


d. A block is encountered whose keyword is less 
than the search key. 


When (d) occurs, the direction of tape motion is again 
reversed. Tape moves in the forward direction until the 


The Magnetic-Tape System 


read-write head is near the end of the block whose key- 
word is less than the search key: tape movement stops 
with the head in position to read the block following the 
one whose keyword is less than the search key. That is, 
tape movement ceases with the head in position to read 
the first block whose keyword is greater than the search 
key. 


4, As a result of the definition of the searching opera- 
tion, it can happen that an instruction to search will 
fail to find the sought-for block. It is necessary, 
therefore, to verify under program control that an 
instruction to search has in fact found the desired 


block. 


. As a result of the definition of the searching opera- 
tion, an order structure is imposed on a file, or that 
part of it which is in one lane, if it is one in which 
searching is to be done: the file must be set up so 
that the blocks are in ascending sequence by key- 
word. 


. If the keyword of every block on a tape is greater 
than the search key, the conductive leader which 
marks the physical beginning-of-tape will be encoun- 
tered during the backward pass after the first block 
has been passed. Tape movement—and, hence, 
searching—stops when the conductive leader is 
sensed. No “operation complete” signal is generated, 
however; so, the Magnetic-Tape Control Unit will 
appear to be busy if a MIB instruction is issued or 
if an attempt is made to use tape. Manual interven- 
tion is required in order to proceed with processing. 


In a properly established file this event will not occur. 


. If the keyword of every block on tape is less than 
the search key, and if the tape is not bounded by an 
end-of-tape block, the conductive leader which marks 
the physical end-of-tape will be encountered dur- 
ing the forward pass after the last block has been 
passed. Tape movement—and, hence, searching— 
stops when the conductive leader.is sensed. No “op- 
eration complete” signal is generated, however; so, 
the Magnetic-Tape Control Unit will appear to be 
busy if a MIB instruction is issued or if an attempt 
is made to use tape. Manual intervention is required 
in order to proceed with processing. 


In a properly established file this event will not occur. 


8. If the Magnetic-Tape Control Unit is directing a 
searching operation at the time another magnetic- 
tape instruction is issued—with the exception of 
MIB and MIE instructions—the Data Processor will 
wait for an “operation complete” signal from the 
Magnetic-Tape Control Unit before attempting to 


complete the execution of the instruction. 


. If a tape unit is rewinding at the time another mag- 
netic-tape instruction is issued (with the exception 
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of MIB and MIE instructions) the Data Processor 
will wait for an “operation complete” signal from 
the referenced tape unit before attempting to com- 
plete the execution of the instruction. If the rewind- 
ing instruction is MDA, manual intervention is 
required before processing can be continued on that 
unit. 


10. Blank tape—that is, tape on which no information 


is recorded—is treated as inter-block gap. 


1l. The sign digit cannot be included in a partial-word 


search key. If it is, a Program Check ALARM STOP 


will occur. 


MAGNETIC-TAPE SCAN (MTC) 
MAGNETIC-TAPE FIELD SCAN (MFC) 


Operation Code. 51 


+123456789 0 


Inirucion Format. =u] BRIO [88,8 2 


Definitions. 


+: 


if + is odd, B-register address-modification will 
occur; otherwise, there will be no such modifi- 
cation. 


+ = 4 or 5: MAGNETIC-TAPE FIELD SCAN 


will be executed. 


u: designates magnetic-tape unit. 

hh: if u is a tape storage unit, lane 0 or 1 is selected 
according as hh is an even or odd number; 
if u is a DATAFILE Unit, lane hh is selected. 

k: specifies in which word of a block the category 
code will be found. If k = 0, the tenth word of 
the block contains the category code. 

aaaa: address of base of location of scan key. 


Description of Operation. 


-s£ 1 or 5: MAGNETIC-TAPE SCAN will be executed. 

an on unit u, in the lane specified by hh, for the block 
«hose category code in the k-th word is identical with 
(B[aaaa]:00), the scan key. When the block sought has 
been found, the operation will terminate with the head 
positioned to read the sought-for block. 


After MAGNETIC-TAPE SCAN is initiated, it is executed 
under control of the Magnetic-Tape Control Unit, inde- 
pendently of the Data Processor. 


+ = 4 or 5: MAGNETIC-TAPE FIELD SCAN will be 
executed. Scan on unit u, in the lane specified by hh, for 
the block the corresponding part of whose category code 
in the k-th word is identical with (B[aaaa]:sL), the scan 
key. The partial-word boundaries are defined by (rB:82) 
= sL. When the block sought has been found, the opera- 
tion will terminate with the head positioned to read the 
sought-for block. 


After MAGNETIC-TAPE FIELD SCAN is initiated, it is 


executed under control of the Magnetic-Tape Control 
Unit, independently of the Data Processor. 
Exceptional Conditions. 


1. Storage ALARM STOP caused by a nonexistent 
address. 


2. Program Check ALARM STOP. The test for field 
overflow is made before initiating the searching 
operation: if field overflow is detected, there will 
be no tape movement. 

3. Magnetic-Tape ALARM STOP caused by parity e er- 
ror, end-of-tape error or unit not ready. 

Remarks. 


1. The nature of the scanning operation is defined as 
follows: tape movement starts in the forward direc- 
tion and continues in that direction until one of 
two events occurs: 


a. A block is encountered whose category code is 
identical with the scan key; or 


. A control block or end-of-tape block is encoun- 
tered. In either case, the operation terminates 
with the head positioned to read the block which 
caused the operation to terminate. 


. Note, therefore, that both MTC and MFC can termi- 
nate without having found a sought-for block. It is 


necessary, therefore, to verify under program con- 
trol that a songht-for block has been found. 


. These two operations do not require an ordered file. 


. If there is no block on tape whose category code is 
identical with the scan key, and if the tape is not 
bounded by a control block or end-of-tape block, 
the conductive leader which marks the physical end- 
of-tape will be encountered after the last block has 
been passed. Tape movement—and, hence, scanning, 
—stops when the conductive leader is sensed. No 
“operation complete” signal is generated, however; 
so the Magnetic-Tape Control Unit will appear to be 
busy if a MIB instruction is issued or if an attempt 
is made to use tape. Manual intervention is required 
in order to proceed with processing. 


In a properly established file, this event will not occur. 


. If the Magnetic-Tape Control Unit is directing a 
scanning operation at the time another magnetic- 
tape instruction is issued—with the exception of 
MIB and MIE instructions—the Data Processor will 
wait for an “operation complete” signal from the 
Magnetic-Tape Control Unit before attempting to 
complete the execution of the instruction. 


. Blank tape—that is, tape on which no information 
is recorded—is treated as inter-block gap. 
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7. The sign digit cannot be included in a partial-word 
scan key. If it is, a Program Check ALARM STOP 


will occur. 


MAGNETIC-TAPE READ (MRD) 


Operation Code. 52 
ae dL 2S 4 SO “7 8D 0 
listruction Format = 7 — 


Definitions. 
u: designates magnetic-tape unit. 
n: specifies the number of blocks to be read. n = 0 
means ten blocks. 
Vv: variation designator: 
(rC:41) /8 = 1: B-register address-modification 
of designated input will occur. 
(rC:41) /1 = 1: control blocks are recognized as 
normal blocks. 
aaaa: address of base of location in which is written 


the first word read from magnetic tape. 


Description of Operation. Read n blocks from unit u. The 
lane read from is that specified by the last instruction 
referring to a lane on that unit: MTS, MFS, MRW, MDA, 
MLS, MTC, MFC. Words read from tape are stored into 
consecutively addressed storage locations beginning with 
B[aaaa]. 


Words read from tape are assembled in the D register 
before being sent to storage: if (rC:41)/8 1 and 
(rD:+1)/8 = (1, the word will be B-register address- 
modified as it goes from the D register to storage; at the 
same time, (rD:-++1) /8 is set to 0. 


If v is even a control block is recognized as such. If a 
control block is encountered during the execution of 
MRD, it will be sensed and the following events will 
occur: 


1. Each word of the control block, except the last, will 
be read and written in the storage location desig- 
nated. 


. The last word of the block read from tape—the con- 
trol word—remains in the Data Processor’s control 
section to provide information with which to termi- 
nate the operation. The control word has the fol- 
lowing format: + ii aaaa bbbb. 


a. The contents of the P register are preserved: 
(rP) — aaaa:04. This enables the program to 
determine the location of the instruction during 
whose execution the control block was encoun- 
tered. 


The Magnetic-Tape System 


b. The contents of the address part of the C register 
are preserved: (rC:04) — aaaa:64. This enables 
the program to determine the location of the last 
word read from magnetic tape. 


The address of the location of the next instruc- 
tion selected for execution—an entry to the con- 
trol routine—is transferred to the P register: 


B[bbbb] > rP. 


Cc. 


3. After reading the control block, MRD is terminated. 


If v is odd control blocks are not recognized as such. 
Instead, they are treated as normal blocks. Sign digits of 
7 will be retained; the control word will remain intact. 


An end-of-tape block is recognized as such. If an end- 
of-tape block is encountered during the execution of 
MRD, it will be sensed. and the following events will 
occur: 


1. The control word is read from tape but remains in 
the Data Processor’s control section to provide in- 
formation with which to terminate the operation. 
The control word has the same format as the control 
word in a control block. The transfer of the re- 
mainder of the end-of-tape block from tape to core 
storage is inhibited. The events described under 
2(a), 2(b), and 2(c), above, take place here also, 
but “end-of-tape” should be substituted for “con- 
trol” wherever it occurs. 


After reading the end-of-tape block, MRD is terminated. 


After termination of MRD, tape is positioned so that the 
head can read the block following the one which caused 
the operation to terminate. 


Exceptional Conditions. 


1. Storage ALARM STOP caused by a nonexistent 


address. 


. Magnetic-Tape ALARM STOP caused by parity er- 
ror, end-of-tape error, digit-count/word-count error, 
or unit not ready. 


Remarks. 


1. A description of block layout can be found on page 
4-3; see also the description of MAGNETIC-TAPE 
INITIAL WRITE (page 4-18) where the assignment 
of storage locations is noted, as well. 


. This instruction does not read the preface word 
associated with each block. If the preface must be 
read, a MAGNETIC-TAPE READ, RECORD in- 


struction must be executed. 


. Note that a MRD instruction may terminate without 
having read n blocks as specified. 


4. Blank tape is treated as inter-block gap. 
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5. If an end-of-tape block is also identified as a control 
block, by having a 7 in the sign-digit position of 
the control word, the block will be recognized as 
end-of-tape. When the end-of-tape block is read, how- 
ever, B-register address-modification of the control 
word will occur because its sign digit is odd. 


. During the execution of MRD, the timing character 
preceding each word written on tape is used to verify 
that 11 digits are read for each word; the preface 
and the end-of-block character are used to verify 
that the correct number of words has been read. 
Should there be a failure in either the digit count 
or the word count during MRD, two additional at- 
tempts to eliminate the failure will be made, auto- 
matically, under the direction of the Magnetic-Tape 
Control Unit. If neither of the additional attempts 
succeeds, a Magnetic-Tape ALARM STOP will occur 
with the tape positioned so that the read-write head 
can read the block in which the failure occurred. 


7. After a Magnetic-Tape ALARM STOP caused by a 
parity error, the read-write head is in position to 
read the block in which the error was detected. The 
contents of the block will have been read from tape 
and written in storage. however. 


. The variation designator of the MRD instruction 
must be odd to read a 205 tape mounted on a 220 
unit when using the 205/220 Magnetic-Tape Con- 
verter. 


MAGNETIC-TAPE READ, RECORD (MRR) 


Operation Code. 53 


ate 345678 9 0 


BOOnGun aaa 


Instruction Format. 


Definitions. 
u: designates magnetic-tape unit. 
n: specifies the number of blocks to be read. 
n = O means 10 blocks. 
V: variation designator: 
(rC:41)/8 = 1: B-register address-modification 
of designated input will occur. 
(rC:41)/1 = 1: control blocks recognized as 
normal blocks. 
aaaa: address of base of location in which will be writ- 


ten the preface associated with the first block 
read from tape. 


Description of Operation. Read n blocks from unit u. The 
lane read from is that specified by the last instruction 
referring to a lane on that unit: MTS, MFS, MRW, MDA, 
MLS, MTC, MFC. Words read from tape are stored into 


consecutively addressed storage locations, the preface as- 
sociated with the first block going into B[aaaa]. 


Words read from tape are assembled in the D register 
before being sent to storage: if (rC:41)/8 = 1, and 
(rD:+1)/8 = 1, the word will be B-register address- 
modified as it goes from the D register to storage; at the 
same time, (rD:+1) /8 is set to 0. 


control block is recognized as such: if 


; 
If y is rel b recogniz uck 


n 
fu 


$9 


control block is encountered during the execution of 
MRR, it will be sensed, and the following events wiil 
occur: 


1. The preface and each word of the control block, 
except the last, will be read and written in the stor- 
age location designated. 


2. The last word of the control block read from tape—- 
the control word—remains in the Data Processor’s 
control section to provide information with which to 
terminate the operation. The control word has the 
following format: + ii aaaa bbbb. 


a. The contents of the P register are preserved: 
(rP) — aaaa:04. This enables the program to 
determine the location of the instruction during 
whose execution the control block was encoun- 
tered. 


b. The contents of the address part of the C register 
are preserved: (rC:04) — aaaa:64. This enables 
the program to determine the location of the last 
word read from magnetic tape. 


c. The address of the location of the next instruc- 
tion selected for execution—an entry to the con- 
trol routine—is transferred to the P register: 


B[bbbb] > rP. 
3. After reading the control block MRR is terminated. 


If v is odd control blocks are not recognized as such. 
Instead they are treated as normal blocks. Sign digits of 
7 will be retained; the control word will remain intact. 


An end-of-tape block is recognized as such: if an end-of- 
tape block is encountered during the execution of MRR, 
it will be sensed, and the following will occur: 


1. The control word is read from tape but remains in 
the Data Processor’s control section to provide in- 
formation with which to terminate the operation. 
This control word has the same format as the con- 
trol word in a control block. The transfer of the 
remainder of the end-of-tape block from tape to core 
storage is inhibited. The events described under 
2(a), 2(b), and 2(c), above, take place here also, 
but “end-of-tape” should be substituted for “con- 
trol” wherever it occurs. 


After reading the end-of-tape block, MRR is terminated. 
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After termination of MRR, tape is positioned so that the 
head can read. the block following the one which caused 
the operation to terminate. 


Exceptional Conditions. 


1. Storage ALARM STOP caused by a nonexistent 
address. 


2. Magnetic-Tape ALARM STOP caused by parity er- 
ror, end-of-tape error, digit-count/word-count error, 
or unit not ready. 


Remarks. 


1. During MRR, the preface associated with each block 
is read from tape and stored in core storage. Other- 
wise, MRR and MRD are executed in identical 
fashion. 


2. Suppose that a preface is kk and the preface is writ- 
ten in the location whose address is L. Then the 
first data word of the block will be in L + 1 and 
the last data word in L + kk. 


For example, MRR says, “read three blocks; preface of 
first block to be written in 0984.” The first two blocks 
are 25 and 30 words long, respectively; the third block 
is a contro! block and is 40 words long. The allocation 
of storage is as shown: 


0984 0 2500 00 0000 Preface of first 
block 
0985 
° First block 
1009 25th word 
1010 0 3000 00 0000 Preface of second 
block 
1011 lst word 
: Second block 
1040 30th word 
1041 7 4000 00 0000 Preface and control- 
block marker 
1042 lst word 


Control block 


3. Note that a MRR instruction may terminate without 
having read n blocks as specified. 
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4, Blank tape is treated as if it were inter-block gap. 


5. If an end-of-tape block is also identified as a control 
block, by having a 7 in the sign-digit position of the 
control word, the block will be recognized as end- 
of-tape. When the end-of-tape block is read, however, 
B-register address-modification of the control word 
will occur because its sign digit is odd. 


. During the execution of MRR, the timing character 
preceding each word written on tape is used to verify 
that 11 digits are read for each word; the preface 
and the end-of-block character are used to verify 
that the correct number of words has been read. 
Should there be a failure in either the digit count, 
or the word count during MRR, two additional at- 
tempts to eliminate the failure will be made, auto- 
matically, under the direction of the Magnetic-Tape 
Control Unit. If neither of the additional attempts 
succeeds, a Magnetic-Tape ALARM STOP will occur 
with the tape positioned so that the read-write head 
can read the block in which the failure occurred. 


. After a Magnetic-Tape ALARM STOP caused by a 
parity error, the read-write head is in position to 
read the block in which the error was detected. The 
contents of the block will have been read from tape 
and written in storage, however. 


. The variation designator of the MRR instruction 
must be odd to read a 205 tape mounted on a 220 
unit when using the 205/220 Magnetic-Tape Con- 
verter. 


MAGNETIC-TAPE INITIAL WRITE (MIW) 
Operation Code. 54 


+1234567890 


Instruction Format. f[uln|k klO pla.a.aa 


Definitions. 

u: designates magnetic-tape unit. 

n: specifies number of blocks to be written. 
n = 0 means ten blocks. 

kk: specifies number of words in each of the n blocks. 
kk = 00 means 100 words. 

aaaa: address of base of location from which is read the 


first word of the first block to be written. 


Description of Operation. Write—on newly edited tape— 
n blocks on unit u; each block is kk words long: the min- 
imum-length block is ten words; the maximum-length 
block is 100 words. The lane written on is that specified 
by the last instruction referring to a lane on that unit: 
MTS, MFS, MRW, MDA, MLS, MTC, MFC. Words writ- 
ten on tape are taken from consecutively addressed loca- 
tions beginning with B[aaaa]. This instruction causes 
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the preface to be written immediately preceding the first 
word of the block with which the preface is associated. 


If magnetic end-of-tape is encountered during the execu- 
tion of MIW, the magnetic end-of-tape condition will be 
established at the completion of the operation. 


Exceptional Conditions. 
1. Storage ALARM STOP caused by a nonexistent 


address. 


2. Magnetic-Tape ALARM STOP caused by improper 
block length, end-of-tape error, or unit in not-ready 
or not-write status. 


Remarks. 


1. MIW recognizes magnetic end-of-tape. Therefore, 
every MIW instruction must either be preceded or 
followed by a MAGNETIC-TAPE INTERROGATE 
END-OF-TAPE, BRANCH (MIE) instruction to 
sense the magnetic end-of-tape condition. The MIE 
instruction provides the branch to the end-of-tape 
control procedure (see page 4-22). The MIW oper- 
ation must be completed before the MIE instruction 
is initiated. A MIB must be inserted before the 
MIE to insure this (see example, page 4-7). 


. After termination of a MIW instruction during 
which magnetic end-of-tape was encountered, tape 
is positioned at physical end. This fact is sensed by 
the MIE instruction which follows every MIW in- 
struction. After execution of the MIE instruction, if 
the next instruction referring to the tape unit is one 
which causes tape movement, it must be one which 
causes tape to move initially in the backward direc- 
tion; otherwise an ALARM STOP will occur. (Per- 
missible instructions are MRW, MDA, MPB.) 


Normally, after encountering magnetic end-of-tape, 
terminal control blocks must be written to bound 
the file just written. 


. MIW is one of two magnetic-tape operations which 
recognize magnetic end-of-tape. The other operation 


is MAGNETIC-TAPE INITIAL WRITE, RECORD. 


. It is advisable to verify, under program control, that 
newly edited tape is being used. If unedited tape is 
used with MIW, or MIR, a Magnetic-Tape ALARM 
STOP will occur. 


. If the unit referred to by this instruction is in not- 
write status, a Magnetic-Tape ALARM STOP will 


occur. 


. To illustrate the allocation of storage, suppose a 
MIW instruction specifies that three blocks are to 
be written, each 18 words long; the first word of 
the first block is in location 5001. 


First block 


Second block 


Third block 


. The format of a block as it appears on tape is shown 
in Figure 4-1. . 


. The MIW instruction that writes the first block on 
newly edited tape should be preceded by a MRW 
and a MPE instruction to place the write head in 
position to record the first block. 


MAGNETIC-TAPE INITIAL WRITE, RECORD (MIR) 
Operation Code. 55 

Instruction F ; +1234567890 
we [fa [nit JO, p Ta aaa 
Definitions. 


designates magnetic-tape unit. 


n: specifies the number of blocks to be written. 
n = 0 means ten blocks. 
aaaa: address of base of location from which is read 


the first word to be written on tape. This word 
contains the preface. 


Description of Operation. Write—on newly-edited tape— 
n blocks on unit u. The lane written on is that specified 
by the last instruction referring to a lane on that unit: 
MTS, MFS, MRW, MDA, MLS, MTC, MFC. Words writ- 
ten on tape are taken from consecutively addressed loca- 
tions beginning with B[aaaa]. 


The first word written is a preface word: (B[aaaa]:22) 
are interpreted as the preface. This preface specifies how 
many words in the consecutively addressed locations fol- 
lowing B[aaaa] are in the first block. If more than one 
block is to be written, the first word following the last 
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word of the previous block written will be interpreted as 
containing the preface of the next block to be written. 


The minimum-length ‘heel is ten words; the maximum, 
100 words. 


If magnetic end-of-tape is encountered during the execu- 
tion of MIR, the magnetic end-of-tape condition will be 
established. The instruction will be completed, however. 


Exceptional Conditions. 
1. Storage ALARM STOP caused by a nonexistent 


address. 


2. Magnetic-Tape ALARM STOP caused by improper 
block length, end-of-tape error, or unit in not-ready 
or not-write status. 


Remarks. 


1. MIR recognizes magnetic end-of-tape. Therefore, 
every MIR instruction must either be preceded or 
followed by a MIE instruction to sense the magnetic 
end-of-tape condition. The MIE instruction provides 
the branch to the end-of-tape control procedure (see 
page 4-22). The MIR operation must be completed 
before initiating the MIE instruction. A MIB must 
be inserted before the MIE to insure this. (See ex- 
ample on page 4-7.) 


. After termination of a MIR instruction during 
which magnetic end-of-tape was encountered, tape. 
is positioned at physical end. This fact is sensed by 
the MIE instruction which follows every MIR in- 
struction. After execution of the MIE instruction, if 
the next instruction referring to the tape unit is one 
which causes tape movement, it must be one which 
causes tape to move initially in the backward direc- 
tion; otherwise, a Magnetic-Tape ALARM STOP 


will occur. (Permissible instructions are MRW, 


MDA, MPB.) 


Normally after encountering magnetic end-of-tape, 
terminal control blocks must be written to bound 
the file just written. 


. Instruction formats for MIW and MIR are very 
much alike: the formats differ in digit positions 3 
and 4 which are used to specify the preface in MIW 
and are noted as not relevant for MIR. However, 
even in a MIR instruction, digit positions 3 and 4 
must not contain 02, 03, 04, 05, 06, 07, 08, or 09: 
if one of these configurations does appear, a Mag- 
netic-Tape ALARM STOP will occur, with the read- 


write head positioned at its starting position. 


. MIR is one of two magnetic-tape operations which 
recognize the magnetic end-of-tape. The other oper- 


ation is MAGNETIC-TAPE INITIAL WRITE. 
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Dd. It is advisable to verify, under program control, that 
newly-edited tape is being used. If unedited tape is 
used with MIR or MIW, a Magnetic-Tape ALARM 
STOP will occur. 


6. If the unit referred to by this instruction is in not- 
write status, a Magnetic-Tape ALARM STOP will 


occur. 


7. To illustrate the allocation of storage, suppose a 
MIR instruction specifies that three blocks are to be 
written, 15, 27, and 12 words long, in that order; 
the preface associated with the first block is in loca- 
tion 5001. 


Preface of first 


block 


lst word 
. First block 
15th word 


0 2700 00 0000 Preface of second 
block 


Ist word 
. Second block 
27th word 


0 1200 00 0000 Preface of third 
block 


Ist word 
. Third block 
12th word 


8. The format of a block as it appears on tape is shown 
in Figure 4-1. 


MAGNETIC-TAPE OVERWRITE (MOW) 


Operation Code. 56 
+1234567890 


Instruction Format. [=]u|n[k k[O pla,a,a,al 


Definitions. 
u: designates magnetic-tape unit. 
n: specifies the number of blocks to be written. 


n = O means ten blocks. 


* Recall that the format of the control word is + ii aaaa bbbb. 


kk: — specifies number of words in each of the n blocks. 
kk = 00 means 100 words. Minimum number of 
words is 10; maximum is 100. 


aaaa: address of base of location from which is read 
the first word of the first block to be written. 


Description of Operation. Write n blocks on unit u; each 
block contains kk words; the lane written on is that speci- 
fied by the last instruction referring to a lane on that 
unit: MTS, MFS, MRW, MDA, MLS, MTC, MFC. Words 
written on tape are taken from consecutively addressed 
locations beginning with B[aaaa]. 


Before each block is overwritten, its preface (already on 
tape) is compared with kk: the block is written if and 
only if the preface and kk are identical; otherwise—ex- 
cept when the block on tape is an end-of-tape block—a 
Magnetic-Tape ALARM STOP, due to this preface mis- 
match, occurs, with the read-write head positioned to read 


the block causing the ALARM STOP. 


If a preface mismatch occurs with an end-of-tape block 
on tape, the ALARM STOP will not occur. Instead, the 
end-of-tape block is sensed, the control word is read from 
tape into the Data Processor control section, and termi- 
nating procedures are begun:* 


1. The contents of the P register are preserved: (rP) 
— aaaa:04. This enables the program to determine 
the location of the instruction during whose execu- 
tion the end-of-tape block was encountered. 


2. The contents of the address part of the C register 
are preserved: (rC:04) — aaaa:64. This enables the 
program to determine the location in core storage 
of the last word written on tape. 


3. The address of the location of the next instruction 
selected for execution—an entry to the end-of-tape 
routine—is transferred to the P register: B[bbbb] 
— rP. 


After reading the end-of-tape block, MOW is terminated. 


After termination of MOW, tape is positioned so that the 
head can write the block following the one which caused 
termination. 


Exceptional Conditions. 
1. Storage ALARM STOP caused by a nonexistent 


address. 


2. Magnetic-Tape ALARM STOP caused by parity er- 
ror, preface mismatch, end-of-tape error, or unit in 
not-ready or not-write status. 


Remarks. 


1. If the unit referred to by this instruction is in not- 
write status, a Magnetic-Tape ALARM STOP will 


occur. 
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. The allocation of storage is as depicted for MIW. 


. Control blocks are not recognized as such during 
the execution of a MOW instruction. 


. Blank tape is treated as inter-block gap. 


5. Note that a MOW instruction may terminate without 
having written n blocks as specified. 


. This instruction will not recognize magnetic end- 
of-tape. 


MAGNETIC-TAPE OVERWRITE, RECORD (MOR) 


Operation Code. 57 


Instruction Format. 


Definitions. 
u: designates magnetic-tape unit. 
n: specifies the number of blocks to be written. 
n = O means ten blocks. 
aaaa: address of base of location from which is read 


the first word to be written on tape. This word 
contains the preface. 


Description of Operation. Write n blocks on unit u; the 
lane written on is that specified by the last instruction 
referring to a lane on that unit: MTS, MFS, MRW, MDA, 
MLS, MTC, MFC. Words written on tape are read from 
consecutively addressed storage locations beginning with 
B[aaaa], except as noted below. 


In storage the preface associated with each block is in the 
location which immediately precedes the location of the 
first word of the block (see description of storage alloca- 
tion under MIR, page 4-19). For example, (B[aaaa] :22) 
is the preface associated with the block whose first word 
is in B[aaaa] + 1. Before each block is overwritten, its 
preface (already on tape) is compared with the preface 
read from storage: the block is overwritten only if the 
two prefaces are identical; otherwise—except when the 
block on tape is an end-of-tape block—a magnetic-tape 
ALARM STOP occurs, with the read-write head _posi- 
tioned to read the block causing the ALARM STOP. 


If a preface mismatch occurs with an end-of-tape block 
on tape, the ALARM STOP will not occur. Instead, the 
end-of-tape block is sensed, the control word is read from 
tape into the Data Processor control section, and termi- 
nating procedures are begun:°® 


1. The contents of the P register are preserved: (rP) 
— aaaa:04. This enables the program to determine 
the location of the insiruction during whose execu- 
tion the end-of-tape block was encountered. 


* Ibid 
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2. The contents of the address part of the C register 
are preserved (rC:04) — aaaa:64. This enables the 
program to determine the location in core storage 
of the last word written on tape. 


. The address of the location of the next instruction 
selected for execution—an entry to the end-of-tape 
routine—is transferred to the P register: B[bbbb] 
—> rP. 


After reading the end-of-tape block, MOR is terminated. 
After termination of MOR, tape is positioned so that the 
head can write the block following the one which caused 
termination. 


Exceptional Conditions. 
1. Storage ALARM STOP caused by a nonexistent 


address. 


2. Magnetic-Tape ALARM STOP caused by parity er- 
ror, preface mismatch, end-of-tape error, or unit in 
a not-ready or not-write status. 


Remarks. 


1. Instruction formats for MOW and MOR are very 
much alike: the formats differ in digit positions 3 
and 4 which are used to specify the preface in MOW 
and are noted as not relevant for MOR. However, 
even in a MOR instruction, digit positions 3 and 4 
must not contain 02, 03, 04, 05, 06, 07, 08, or 09: 
if one of these configurations does appear, a Mag- 
netic-Tape ALARM STOP will occur, with the read- 


write head being positioned at its starting position. 


. If the unit referred to by this instruction is in not- 
write status, a Magnetic-Tape ALARM STOP will 


occur. 
. The allocation of storage is as depicted for MIR. 


. Control blocks are not recognized as such during the 
execution of a MOR instruction. 


. Blank tape—that is, tape on which no information 
is recorded—is treated as inter-block gap. 


. Note that a MOR instruction may terminate without 
having written n blocks as specified. 


. This instruction will not recognize magnetic end- 
of-tape. 


MAGNETIC-TAPE POSITION FORWARD (MPF) 
MAGNETIC-TAPE POSITION BACKWARD (MPB) 


MAGNETIC-TAPE POSITION AT END OF INFORMA- 
TION (MPE) 


Operation Code. 58 


Instruction Format. 


The Magnetic-Tape System 


Definitions. 


u: designates magnetic-tape unit. 


ns specifies the number of blocks to be passed. 
n = O means ten blocks. 
Vv: variation designator: 


v=0: MAGNETIC-TAPE POSITION FOR. 
WARD will be executed. 

v =1: MAGNETIC-TAPE POSITION BACK- 
WARD will be executed. 

v = 2: MAGNETIC-TAPE POSITION AT END 


OF INFORMATION will be executed. 


Description of Operation. 


v = 0: MAGNETIC-TAPE POSITION FORWARD will 
be executed. Move tape on unit u in the forward direction 
until n blocks have been passed. The lane in which count- 
ing is done is the lane referred to by the last instruction 
referring to a lane on that unit: MTS, MFS, MRW, MDA, 
MLS, MTC, MFC. 


Control blocks and end-of-tape blocks are counted and 
passed without recognition of their control function. 


After completion of MPF, the tape is positioned so that 


the read-write head can read or overwrite the block fol- 


lowing the last block passed. 
v = 1: MAGNETIC-TAPE POSITION BACKWARD will 


be executed. Except that tape is moved in the opposite 
direction, this variation is identical with that specified 
byv = 0. 


After completion of MPB, the tape is positioned to permit 
reading the last block passed. 


v = 2: MAGNETIC-TAPE POSITION AT END OF IN. 
FORMATION will be executed. 


Tape movement begins in the forward direction, and con- 
tinues until a blank area longer than inter-block gap is 
sensed, at which time the direction of tape movement is 
reversed. Tape is then moved in the backward direction 
until a block is sensed, at which time tape movement stops 
with the head in position to initial write a block following 
the one which caused the operation to terminate. 


Exceptional Conditions. 


1. Magnetic-Tape ALARM STOP caused by end-of-tape 


error or unit not ready. 


Remarks. 


1. If v ~ 1 or 2, the MAGNETIC-TAPE POSITION 
FORWARD variation will be executed. 


2. Both MPB and MPF treat blank tape as inter-block 
gap. MPE, on the other hand, recognizes blank tape 
uniquely as described above. 
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3. For purposes of counting blocks during execution 
of a MPF or MPB instruction, preface words are 
used to indicate that a block is being passed. 


. If the conductive leader which marks the physical 
end-of-tape is encountered during the execution of 
a MPF instruction, no “operation complete” signal 
will be generated. So, the Magnetic-Tape Control 
Unit will appear to be busy if a MIB instruction is 
issued or if an attempt is made to use the tape unit 
(by attempting to execute a MRD instruction, for 
example). Manual intervention is required in order 
to proceed with processing. 


Similar remarks apply to the situation which results when 
the conductive leader which marks the physical begin- 
ning-of-tape is encountered during the execution of a 
MPB instruction. 


MAGNETIC-TAPE INTERROGATE, BRANCH (MIB) 

MAGNETIC-TAPE INTERROGATE END-OF-TAPE, 
BRANCH (MIE) 
Operation Code. 59 


+1234567839 0 


Pl iy Opleea 


Instruction Format. 


Definitions. 
u: designates magnetic-tape unit. 
v: variation designator: 
v=0: MAGNETIC-TAPE INTERROGATE, 
BRANCH will be executed. 
v=1: MAGNETIC-TAPE INTERROGATE 
END OF TAPE, BRANCH will be exe- 
cuted. 
aaaa: address of base of location of alternate instruc- 


tion. 


Description of Operation. 


v = 0: MAGNETIC-TAPE INTERROGATE, BRANCH 


will be executed. 


If unit u is ready, transfer control to B[aaaa], otherwise 
control continues in sequence. 


v = 1: MAGNETIC-TAPE INTERROGATE END OF 
TAPE, BRANCH will be executed. 


If the magnetic end-of-tape condition is established, trans- 
fer control to B[aaaa]; otherwise, control continues in 
sequence. 


Remarks. 


1. If v #1, the MAGNETIC-TAPE INTERROGATE, 
BRANCH variation will be executed. 


. Because operations independent of both tape-control 
unit and Data Processor (e.g., MRW, MDA) as 
well as operations independent only of the Data 
Processor (e.g., MTS) can be in process, it is nec- 
essary to distinguish four cases for MIB. These are 
shown in the table below. 


Status of 
Tape-Storage 
Unit 
Ready 
Not ready 
Ready 


Not ready 


Not ready 


Not ready 
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3. If the unit designated by MIB and MIE instructions 


is not ready or is not on line, the program will con- 
tinue in sequence. 


. If control is transferred to Blaaaa] upon execution 


of the MIE instruction (i.e., if end-of-tape condition 
is established) the next instruction referring to that 
tape unit must be one which causes tape to move 


initially in the backward direction (MRW, MDA, 


Ls 
MPB). 


. To write an end-of-tape block once the end-of-tape 


condition has been established: 


Control Op Address 
1101 MPB 0000 
1002 MPE 0000 
1101 MIW aaaa 


GENERAL 


Paper-tape input and output facilities are provided by 
means of Photoreaders and punches. Interchangeable 
with the latter are character-at-a-time printers (physically 
and functionally these printers are identical with the Su- 
pervisory Printer). Each of the printers is capable of 
being driven off-line by a mechanical reader which may 
be attached to it. 


THE PHOTOREADER 


The paper-tape reader used by the BURROUGHS 220 
reads seven-channel single-frame paper. The code is 
shown in Appendix C. The code is of the odd-parity type: 
provision is made for the detection of parity errors; in 


case a parity error is detected a Paper-Tape ALARM 
STOP will occur. 


When reading in the numeric mode, the appearance of 
a code for a non-numeric character—the letter “A,” for 
example—will be detected as an error and a Paper-Tape 


ALARM STOP will occur. 


The Photoreader utilizes two sizes of single-flange plastic 
reels: a 544-inch reel which holds 350 feet of tape, and 
a 7-inch reel which holds 700 feet of tape. Tape is moved 
at the rate of either 50 or 100 inches per second depend- 
ing upon whether the SPEED switch is set to HI or LOW. 
Since information is punched ten characters per inch, the 
transfer rate is either 500 or 1,000 characters per second. 


Start time is less than five milliseconds. The reader will 
stop on the stop character; that is, it will stop with the 
last character read still under the reading head. 


As many as ten Photoreaders may be included in a BUR- 
ROUGHS 220 system. Selection of a particular reader is 
under program control. In case the reader called for is 


inoperative, a Paper-Tape ALARM STOP will occur. 


WORD FORMAT 


Provision is made in the order structure for reading infor- 
mation with the sign digit punched first—this is normal 
format—as well as information with the sign digit punched 
last—this is inverse format. 


The Paper-Tape System 


A word, as it is punched on paper tape, is defined to be 
the information bounded by two end-of-word characters 
(except for the first word, which does not have an end- 
of-word character preceding it). As each character is read 
from paper tape it is transferred to rD:01, shifting the 
contents of the D register one place to the left and causing 
the contents of rD:+1 to be lost, i.e., the sign digit is 
shifted out of the D register. 


In normal format, the sign digit is the first character of 
the word on paper tape; in inverse format, the sign digit 
is the character immediately preceding the end-of-word 
character. 


Alphanumeric words are distinguished both on paper tape 
and in the Data Processor by having the symbol “2” 
punched as the sign digit. The recognition of this charac- 
ter causes automatic translation of the single-frame al- 
phabetic characters in the word into the two-decimal-digit 
220 code.’ The sign digit is read and translated as a “2,” 
(the digit 2 being used internally by the BURROUGHS 


220 to flag alphanumeric words). 


When reading inverse format, however, alphanumeric 
translation is not possible, because the sign digit is the 
last character sensed as the word is read. After the word 
in inverse format has been read, the contents of the D 
register are permuted so that the sign of the word is in 
its proper position. The sign digit is then checked; if it 
is 2—indicating that the word is supposed to be alpha- 
numeric—a Paper-Tape ALARM STOP will occur. 


The appearance of any digit, except 2, in the sign-digit 
position of a word on paper tape will cause the word to 
be translated numerically. Certain of the numeric digits, 
namely 6, 7, 8, and 9, in the sign-digit position are used 
for control purposes. Generally speaking, a 6 or 7 indi- 
cates that the word is to go to the C register, instead of 
to storage, without or with B-register address-modifica- 
tion, respectively; an 8 or 9 in the sign-digit position 
indicates that the word is to be B-register address-modi- 
fied as it goes to storage. It is possible, it should be noted, 
to read from paper tape a word with any digit in the sign 
position, and to store that word exactly as it appeared on 
tape. 


* Of course, when alphanumeric words are read and translated, the contents of the D register are shifted twice for each character read, once 
when the “zone” part of the character is sent to rD:01 from the decoding matrix, and second when the “numeric” part is sent to rD:01. 


The Paper-Tape System 


The reader is referred to the Execute Phase description 
of each input instruction for an explicit and detailed spec- 
ification of sign-digit control. Except as noted’ in those 
specifications, the sign digits are read and translated ex- 
actly as they are punched in tape. 


INSTRUCTIONS 


There are two instructions for reading information in 
normal format. The first of these, PAPER-TAPE READ 
(see page 5-4), specifies that a fixed number of words 
(from ]. to 100) shall be read. However, the instruction 
may be coded to permit overriding of this specification: 
when so coded, the instruction says, in effect, “Read nn 
words, unless a control word is encountered, in which 
case terminate the reading operation.” 


The second instruction for reading information in normal 
format, PAPER-TAPE READ, BRANCH (see page 5-6), 
causes information to be read until a control word is 
encountered. The control word causes the reading opera- 
tion to terminate. 


There is one instruction for reading information in in- 
verse format, namely, PAPER-TAPE READ, INVERSE 
FORMAT (see page 5-8). This instruction specifies that 
a fixed number of words—from 1 to 100—shall be read 
unless a control word is encountered. The control word 
causes the reading operation to terminate. With this in- 
struction it is not possible to read into storage a word 
with a 2, 6, or 7 in the sign-digit position. (The reader is 
reminded that a 2 in the sign-digit position causes a Pa- 


per-Tape ALARM STOP.) 


The control word mentioned in the preceding paragraphs 
is a word flagged with a 6 or 7 in the sign-digit position. 
The detection of such a word terminates the instruction 
being executed, disconnects the reader, and causes prepa- 
rations to be made for transferring the word to the C 
register for execution. The reading operation stops with 
the control word in the information buffer register, after 
which control is transferred to the Fetch Phase circuits. 
During the Fetch Phase the control word is taken from 
the IB register to the C register—without B-register ad- 
dress-modification if the sign digit is 6, with such modifi- 
cation if the sign digit is 7—where it is regarded as an 
instruction. This is to say that a control word must be 
an instruction. 


THE PAPER-TAPE PUNCH 
The paper-tape punch used by the BURROUGHS 220 


punches seven-channel single-frame tape at the rate of 60 
characters per second. That is to say, it punches tape 
which can be used for input to a BURROUGHS 220 sys- 
tem. However, it punches tape in normal format, auto- 
matically supplying ‘the end-of-word character after the 
last character has been punched. 
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As many as ten paper-tape punches may be included in 
a BURROUGHS 220 system. Selection of a particular 
punch is under program control. In case the punch called 
for is inoperative, a Paper-Tape ALARM STOP will 


occur. 


Alphanumeric words—which are flagged internally with 
a 2 in the sign-digit position—are translated automatic- 
ally to the single-frame code for punching in tape. The 
digit ““2”—which also identifies the word in tape as al- 
phanumeric—is punched as a “2.” 


Provision exists for the suppression of alphanumeric 
translation, in which case the contents of the word are 
punched as 1] decimal digits. 


There is also provision for the suppression of high-order 
zeros. This feature is provided by the SUPPRESS LEAD- 
ING ZEROS switch on the Control Console. When the 
SUPPRESS LEADING ZEROS switch is “on,” the punch- 
ing of zeros preceding the first non-zero digit in the word 
will be suppressed. This means that no zeros will be sup- 
pressed if the sign digit is different from 0. 


THE PRINTER 


In place of any paper-tape punch there may be substituted 
a character-at-a-time printer. Naturally, this printer is 
logically equivalent to the punch which it replaces. The 
printer is physically and functionally identical with the 
Supervisory Printer described in Chapter 3. 


THE MECHANICAL READER 


Any printer—including the Supervisory Printer—in a 
BURROUGHS 220 Paper-Tape System may have attached 
to it a mechanical reader which is capable of reading 
BURROUGHS 220 paper tape. The reader provides off- 
line facilities for printing the contents of paper tape at 
the printer’s rate of 10 characters per second. 


Except for its ability to check for parity errors, the me- 
chanical reader and its circuits are logically equivalent 
to the Data Processor’s circuits when the printer is driven 
on-line. 


INFORMATION FLOW 


The general nature of information flow during input and 
output was discussed in Chapter 2. In some details, how- 
ever, the actual flow of information is different from that 
indicated in Chapter 2. For this reason, the flow of infor- 
mation is described again below. 


INPUT FLOW 
Input flow is shown in Figure 5-1. 


1. The address part of the C register—which specifies 
the location in storage where the next word read 


from paper tape is to be stored—is transferred to 
the E register. At the same time, the address part of 
the C register is counted up 1. 


2. The word is read from paper tape through the irans- 
lator and into the D register. 


3. a. If the instruction is PRI, the contents of the D 
register are permuted so that the sign is in its 


normal position. 


b. The contents of the D register are then sent to 
the information buffer register, with or without 
B-register address-modification as specified, after 
which the D register is cleared. 


. If the word is to go to storage, the contents of 
the information buffer register are stored in the 
location whose address is in the E register. 


b. If the word is to go to the C register, the reader 
is disconnected, and preparations are made to 
enter the Fetch Phase, during which the contents 
of the information buffer register are transferred, 
with or without B-register address-modification 
as specified, to the C register, where the word is 
regarded as an instruction. 


If the instruction has not been terminated, there is a re- 
turn to step 1 for the next word. 


INFORMATION BUFFER | 
REGISTER 
£1234567890 } 


1234567890 


a r nm (| 

| RL __ 

READER | aoe PHT HHT HEHE © 
__——— ~~ | STORAGE 

ie © C REGISTER (1) 


HHH4O 


E REGISTER 


Figure 5-1. Input flow. 


OUTPUT FLOW 
Output flow is shown in Figure 5-2. 


1. The address part of the C register—which specifies 
the location in storage from which the next word 
to be written will be taken—is transferred to the E 
register. At the same time, the address part of the 
C register is counted up 1. 


2. The word is transferred from storage to the infor- 
mation buffer register. 


3. The contents of the information buffer register are 
transferred to the D register. 
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4. a. The contents of the D register are permuted so 
that the (rD:++1) appear in rD:01. 


b. The contents of rD:01 pass through the adder 
to the translator and thence to the printer or 
punch. 


4a. and 4b. are repeated until the entire word has been 
printed or punched. 


If the instruction has not terminated, there is a return 
to step 1 for the next word. 


STORAGE 


HIS 


34567890 


af 


REGISTER 


C REGISTER 


0) 


1234567890 


ito 
a 


E REGISTER 


PRINTER 
ie) 


R 
PUNCH 


TRANSLATOR 


Figure 5-2. Output flow. 


EXCEPTIONAL CONDITIONS 


Following is a list defining exceptional conditions which 
can occur and are detected. In addition to those enumer- 
ated below, a Storage ALARM STOP, due to use of a 


nonexistent address, can occur. 


1. The seven-channel code uses an odd-parity check. 
Whenever a character is sensed which has an even 
number of channels punched, the fact is signaled by 


a Paper-Tape ALARM STOP. 


2. The detection of a code for a non-numeric character 
when reading in the numeric mode is signaled by a 


Paper-Tape ALARM STOP. 


3. When executing PAPER-TAPE READ, INVERSE 
FORMAT, the appearance in the sign-digit position 
of a “2” is detected and a Paper-Tape ALARM 
STOP occurs. 


4. If the input or output unit designated by the in- 
struction is inoperative, a Paper-Tape ALARM STOP 
will occur. 


THE EXECUTE PHASE 


The remainder of the Paper-Tape System chapter is de- 
voted to a discussion of the instructions involving input 
and output on paper tape. 
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PAPER-TAPE READ (PRD) 
Operation Code. 03 


+1234567890 


Bong Orne 


Instruction Format. 


Definitions. 
u: designates paper-tape reader unit. 
nn: — specifies the number of words to be read. 
nn = 00 means 100 words. 
v: variation designator: 
v=1 specified word goes to C register for 
execution; reader is turned off. 
v = 8,9: specified input will be B-register ad- 
dress-modified. 
aaaa: address of base of location into which is written 


first word read from paper tape. 
Description of Operation. 


v ~ 1: Read nn words from unit u into consecutively 
addressed locations beginning with B[aaaa]. If v = 8 
or 9, designated input will be B-register address-modi- 


fied. 


v = 1: Read nn words, or until a word with sign digit 
equal to 6 or 7 is encountered, from unit u into con- 
secutively addressed locations beginning with B[aaaa]. 
An input word with sign digit equal to 6 or 7 goes to 
the C register, without or with B-register address-modi- 
fication, respectively, for immediate execution; the read- 
er is turned off. 


Input Sign-Control: 
If v = 1 and: 


1. If the input sign digit is 6, the word goes to rC for 
immediate execution; the reader is turned off. 


2. If the input sign digit is 7, the word goes to r(C, 
with B-register address-modification, for immediate 
execution; the reader is turned off. 

If v is equal to 8 or 9 and: 


1. If the input sign digit is 8, the word is B-register 
address-modified; the sign goes into the specified 
storage location as 0. 


2. If the input sign digit is 9, the word is B-register 
address-modified; the sign goes into the specified 
storage location as l. 


Flow Chart. See page 5-5. 


Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 
address. 


2. Paper-Tape ALARM STOP due to a parity error, 
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detection of an inadmissible character, or the desig- 
nated unit in not-ready status. 


Remarks. 


By 


ES 


s = Sign of input word. (Read across.) 

v = Variant digit of PRD instruction. (Read down.) 
A: Convert each character in the word to a two-digit 
(alphanumeric) code. 


B: Prior to storing, B-modify the input word. 

B,: Same as B. Sign of input is equal to i, where i = 0 
or l. 

C: Turn off Photoreader. Transfer input to C register 


and execute. 


Contents after execution of PRD; 
no override of nn 


Unchanged 


Register Status. 


Register 
name 


A 


Unchanged 

Last word read 
Unchanged 
(rP), + 1 


[OP PS] Btasaa oat 


B[aaaa] + nn — 1* 


* Tf nn = 00, add 100. 


CLEAR rE, rlB. 


CLEAR rD. 
(rC:04) =e rE. 
(rC:04) + 1 =» rC:04. 


PAPER-TAPE 
ALARM STOP 
(NOT READY) 


PARITY ERROR 
OR INADMISSIBLE CHARACTER 
CAUSES PAPER-TAPE ALARM STOP 


SENSE FIRST 
CHARACTER 


NOT END 
OF WORD 


CHARACTER READ 
wD: 1 


SET SWITCH SET SWITCH FOR 
FOR NUMERIC ALPHANUMERIC 
TRANSLATION TRANSLATION 


(rD: er | > rD:01 
(rD:01) -—»rD:91 


(rD:11) —perD: +1 


PARITY: ERROR 


OR INADMISSIBLE CHARACTER ice: 
CAUSES PAPER-TAPE ALARM ‘STOP 
NOT END END OF 
OF WORD 


NUMERIC eer 
TRANSLATION| TRANSLATION 


CHARACTER READ 
—~rD:1 


TRANSLATED “ZONE” 
—~rD:+1 


(rD:1)—rD:01 


(rD:E 1)-1D:01 
(rD:01)——»rD:91 


(rD:01) —rD:91 


. 


(D:11)—erD: +1 (D:11) —erD:41 


TRANSLATED “NUMERIC” 
—erD:+1 


(rD: 1)—»rD:01 
(rD:01)—erD:91 


(D:11)—eerD:41 
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() (rC:32) — 1—rC:32 
(TALLY) 


(rC:41)/8 = 1 


(rD.c+1)/8 = 1 | WITH B-REGISTER 


SET (rD:+1)/8 = 0 


(rD:04)—>r1B:04 


(rD:67)—» rlB:67 
() (rD:67)—++IB:67 


WORD —> STORAGE | 


(rD:1)/2 = 1 
(D:4-1)/4 = 1 WITHOUT B-REGISTER 
(rC:41)/1 = 1 ADDRESS-MODIFICATION 


C) stop READER 


STORAGE 
ALARM STOP 


() SET uP TO 
ENTER FETCH (rC:32) = 00 | (rC:32) #00 
PHASE AT oa i 
®. 


@ OPERATION COMPLETE. 


Contents after execution 
with override of nn 


Register 
name 


Unchanged 
Unchanged 
Last word read 


Unchanged 
(rP), ae 1 


+ * * * * * * * * © See description of operation. 


Contents if Storage 
ALARM STOP occurs 


Register 
name 


Unchanged 


Unchanged 


Last word read 


Unchanged 
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WORD — STORAGE 


ADDRESS-MODIFICATION. 


(rD:04) + (rB)—erIB:04 


TURN OFF CARRY INDICATOR 
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name ALARM STOP occurs 
P 
C 
E 


(rP), + 1 


Address causing ALARM STOP 


** nn minus number of words read. 


**** Sum: address causing ALARM STOP + 1. 


PAPER-TAPE READ, BRANCH (PRB) 


Operation Code. 04 


+123456789 0 


ESTE Ona Ceerere 


Instruction Format. 


Definitions. 
u: designates paper-tape reader unit. 
Vv: variation designator: 
v = 8,9: specified input will be B-register ad- 
dress-modified. 
v= 0: no B-register address-modification of 
input. 
aaaa: address of base of location into which is written 


first word read from paper tape. 


Description of Operation. Read from unit u, into con- 
secutively addressed locations beginning with B[aaaa], 
until a word with the sign digit equal to 6 or 7 is encoun- 
tered. An input word with the sign digit equal to 6 or 7 
goes to the C register, without or with B-register address- 
modification, respectively, for immediate execution; the 
reader is turned off. 


Input sign control: 
1. If the input sign digit is 6, the word goes to rC for 


immediate execution; the reader is turned off. 


2. If the input sign digit is 7, the word goes to rC, 
with B-register address-modification, for immediate 
execution; the reader is turned off. 


3. If v is equal to 8 or 9 and: 


a. If the input sign digit is 8, the word is B-register 
address-modified; the sign goes into the specified 
storage location as 0. 


b. If the input sign digit is 9, the word is B-register 
address-modified; the sign goes into the specified 
storage location as 1. 


Flow Chart. See page 5-7. 
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Exceptional Conditions. 
1. Storage ALARM STOP due to use of a nonexistent 
address. 


2. Paper-Tape ALARM STOP due to a parity error, 
detection of an inadmissible character, or the desig- 
nated unit in not-ready status. 


Remarks. 


za 
ee 
eee 
eS 
ee 
ee 
fed 
ed 
Ea 
ee 


s = Sign of input word. (Read across.) 
v = Variant digit of PRB instruction. (Read down.) 


A: 


Convert each character in the word to a two-digit 
(alphanumeric) code. 


B: Prior to storing, B-modify input word. 

B,: Same as B. Sign of input is equal to i, where i = 0 
or l. 

C: Turn off Photoreader. Transfer input to C register 


and execute. 


Register Status. 


Register Contents after 
name execution of PRB 


Unchanged 


Unchanged 


Last word read 


Unchanged 


Contents after 
execution of PRB 


Register 
name 


(rP), + 1 


ES a ra 


Address of last location filled 


Contents after 
Storage ALARM STOP 


Register 
name 


Unchanged 
Unchanged 


D Last word read 
B Unchanged 
P (cP), + 1 


: ieee eres 
KE. | Address causing ALARM STOP 


**** Sum: address causing ALARM STOP + 1. 


CLEAR rE, rlB. 


CLEAD rt. 


(rC:04) —p rE. 
(rC:04) + 1p rC:04 


PAPER-TAPE 
ALARM STOP 
(NOT READY) 


PARITY ERROR 
OR INADMISSIBLE CHARACTER 
CAUSES PAPER-TAPE ALARM STOP 


SENSE FIRST 
CHARACTER 


NOT 
END OF 
WORD" 


CHARACTER READ 
—>rD:1 


SET SWITCH SET SWITCH FOR 
FOR NUMERIC } (rD:1) = 2 | (rD:£1) = 2 | ALPHANUMERIC 
TRANSLATION TRANSLATION 


(rD:-£1)—rD:01 
(rD:01) -»rD:91 


((D:11) <rD:41 


PARITY ERRORE 
OR INADMISSIBLE CHARACTER 
CAUSES PAPER-TAPE ALARM STOP 


SENSE NEXT 
CHARACTER 
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WORD —*STORAGE 
WITH B-REGISTER 


(rC:41)/8 
(rD:+1)/8 
ADDRESS-MODIFICATION 


SET (rD:+1)/8 = 0 


sa mT ae (¢D:04) + (rB) —> r1B:04 


C) URN OFF CARRY INDICATOR. 


() (0:67) —»r1B:67 


C ) (rD:67) —> 18:67 


WORD = STORAGE 
WITHOUT B-REGISTER 
ADDRESS-MODIFICATION 


(rD:+1)/2 = 1 
(rD:£1)/4 = 1 


: STORAGE 
(r1B)—» [(rE)] | ALARM STOP. 
STOP READER 
SET UP TO ENTER 
FETCH PHASE 
To 
Gr) 
NOT END OF: 
OF WORD 


NUMERIC 


ALPHANUMERIC 
TRANSLATION 


TRANSLATION 


CHARACTER READ 
ae rD: 1 


TRANSLATED “ZONE” 
=—erD:21 


(rD:£1)—»rD:01 


(rD:1)—»rD:01 
(rD:01) —rD:91 


(rD:01) —»rD:91 


» 


(rD:11) —rD: 1 
TRANSLATED “NUMERIC” 
m—mrD: +1 


(D:11) —erD:41 


(rD: 1)}rD:01 
(rD:01) —*rD:91 


((D:11) —eD:+1 
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PAPER-TAPE READ, INVERSE FORMAT (PRI) 
Operation Code. 05 


+123456789 0 


| =ujnin Wv[Oplajaiaya 


Instruction Format. 


Definitions. 
u: designates paper-tape reader unit. 
nn: — specifies the number of words to be read. 


nn = 00 means 100 words. 


v: variation designator: 


= 8, or 9: designated input will be B-register 


address-modified. 


address of base of location into which is written 
first word read from paper tape. 


aaaa,. 


Description of Operation. Read nn words, or until a word 
with the sign digit equal to 6 or 7 is encountered, from 
unit u into consecutively addressed locations beginning 
with B[aaaa]. An input word with the sign digit equal 
to 6 or 7 goes to the C register, without or with B-register 
address-modification, respectively, for immediate execu- 
tion; the reader is turned off. 


Input sign control: 
1. If the input sign digit is 6, the word goes to rC for 


immediate execution; the reader is turned off. 


2. If the input sign digit is 7, the word goes to r(C, 
with B-register address-modification, for immediate 
execution; the reader is turned off. 


3. If v is equal to 8 or 9 and: 


a. If the input sign digit is 8, the word is B-register 
address-modified; the sign goes into the specified 
storage location as 0. 


b. If the input sign digit is 9, the word is B-register 
address-modified; the sign goes into the specified 
storage location as 1. 


Flow Chart. See page 5-9. 
Exceptional Conditions. 
1. Storage ALARM STOP due to use of a nonexistent 


address. 


2. Paper-Tape ALARM STOP due to a parity error, 
detection of an inadmissible character, use of a 2 in 
the sign-digit position of a word, or the designated 
unit in not-ready status. 


Remarks. 


1. Because the sign digit is read last, alphanumeric 
translation is not possible. 
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NEP EPEEELEE 
PLT) ey 


s = Sign of input word. (Read across.) 


v = Variant digit of PRI instruction. (Read down.) 
A: 


Convert each character in the word to a two-digit 


(alphanumeric) code. 
B: Prior to storing, B-modify the input word. 
B,: Same as B. Sign of input is equal to i, where i = 0 
or 1. 


C: Turn off Photoreader. Transfer input to C register 
and execute. 


E: Error Stop. 


Register Status. 


Contents after execution of PRI, 
no override of nn 


Unchanged 


Unchanged 
Last word read 
Unchanged 
(rP), + 1 


DCR EN Licey 
B[aaaa] + nn — 1* 


* If nn = 00, add 100. 


CLEAR rE, riB. 


» CLEAR FD. 
(rC:04) —» rE. 
(rC:04) + 1 —» rC:04. 


PAPER-TAPE 
ALARM STOP 
(NOT READY) | 


READY 


SENSE NEXT 
CHARACTER 


NOT END 
OF WORD 


(rD:01) —»rD: 4-1 
CHARACTER READ (rD:91) =e rD:01. 


—~ D:61. 


(rD:£ 1)—1D:01. 


(rD:01) —»rD:91. (rD: 1) = rD:11. 


} ALPHANUMERIC 

SIGN CAUSES 
PAPER-TAPE 
ALARM STOP 


(rD:11) —rD:+1 (rD: > 1) 72 (rD:£ 1) =2 


(rC:32) — 1—wrC:32 
(TALLY) 


WORD STORAGE WITH 
B-REGISTER ADDRESS- 
MODIFICATION. 


SET (rD:+1)/8 = D 


(rD:04) + (rB)—»riB:04 


TURN OFF CARRY INDICATOR 
WORD STORAGE WITH- 
OUT B-REGISTER 


ADDRESS-MODIFICATION. CDG) =P be? 


READER 


STORAGE 


1B) —» [(rE)) 
SET UP TO (‘18) —e- I(r) ALARM STOP. 


ENTER FETCH 
PHASE AT 


i OPERATION COMPLETE. 
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Register Contents after execution 
name with override of nn 
Unchanged 
R Unchanged 
D Last word read 
B Unchanged 
Pp | (rP), + 1 | 


Register 
name 


Contents if Storage 
ALARM STOP occurs 


Unchanged 
Unchanged 
Last word read 
Unchanged 
(EP), 


E Address causing ALARM STOP 


** nn minus number of words read. 


**** Sum: address causing ALARM STOP + 1. 


PAPER-TAPE WRITE (PWR) 


Operation Code. 06 


+12345678 9 0 


Instruction F ormat. 


Definitions. 
u: designates output unit. 
nn: — specifies number of words to be punched. 


nn = 00 means 100 words. 


address of base of location from which is read 
first word to be punched. 


aadaa: 


Description of Operation. Write nn words on unit u, tak- 
ing the words from consecutively addressed locations 
beginning with B[aaaa]. 


Flow Chart. See page 5-10. 
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Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 


address. 


2. Paper-Tape ALARM STOP; unit designated is in 


not-ready status. 


Remarks. 


1. Alphanumeric translation may be suppressed by set- 
ting the ALPHA SUPPRESS switch on the writing 


unit to ‘‘on.” 


2. The writing of leading zeros may be suppressed by 
setting the ZERO SUPPRESS switch: on the writing 


unit to “‘on.” 


Register Status. 


Register 
name Contents after execution of PWR 


Unchanged 


Unchanged 


Last word punched 


Unchanged 


(rP), oa | 


PY OTe, 5 [Blea = oa 


B[aaaa] + nn — 1* 


* Tf nn = 00, add 100. 


Register Contents if Storage 
name ALARM STOP occurs 


Unchanged 
Unchanged 
Last word punched 


Unchanged 


(rP), + 1 


Address causing ALARM STOP 


** nn minus number of words punched. 


***#* Sum: address causing ALARM STOP + 1. 
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CLEAR rE, riB. 


PAPER- TAPE 
ALARM STOP READY 
(NOT READY) 
(rC:04 )——»rE. 


(rC:32) — 1 rC:32. 


STORAGE 


ALARM STOP. a ae 


(rlB) —»rD 


(rD:+1) + 2. 


| (rD:+1) = 2 
(NUMERIC) = {( 


ALPHANUMERIC) 


ALPHA SUPPRESS | ALPHA SUPPRESS 
ie “ORE! 


(rD:= 1)—™rD:01 
(rD:11)—rD: = 1 


(rD: + 1)—»rD:01 
(rD:1 1) —erD: +1 


(rD:01 )——~1D:91 


W 
TIMES 


WRITE (rD:01) 
(SIGN-DIGIT OF 
WORD) 


(rD:01) —erD:91 


WRITE (rD:01) 


(rD: 1)—~1D:01 
(rD:1 1) —rD:1 


(rD:01) —®rD:91 


(rD:01) —> ENCODER 
(“ZONE”) 


TIMES 
(rD:= 1 ) ~~rD:01 
(rD:11) —wrD:+1 


(rD:01) —»rD:91 


(rD:01) —®ENCODER 
(“‘NUMERIC”) 


WRITE END-OF-WORD 
CHARACTER. 


(rc:32)=0 |  (rc:32)~0 


(rC:04) + 1 = rC:04 


() OPERATION COMPLETE 


GENERAL 


The BURROUGHS 220 CARDATRON System is that 
facility which couples the Data Processor with the periph- 
eral card-handling machines. The system is designed to 
accommodate volume punched-card input and output 
and, if required, to supply a complete printed report of 
each operation. Alphabetic. numeric or alphanumeric in- 
formation may be processed with equal proficiency. 


Three elements are basic to the system. The Control Unit 
(housed in two cabinets), the Input Unit and the Output 
Unit. A full CARDATRON complement can include, in 
addition to the Control Unit, a maximum of seven Input 
and Output Units in any combination. For example, the 
operations at a typical installation might call for three 
Input Units, to each of which is attached a card reader, 
and four Output Units, to each of which is attached a 
card punch or a line-at-a-time printer. 


The CARDATRON Input and Output Units serve as buff- 
ers for card input from the card readers and for Data 
Processor output to the punches and printers. Card read- 
ing, punching and line printing operations may be carried 
out independently of Data Processor control; while these 
operations are taking place, the Data Processor is free to 
process other portions of the program. The CARDATRON 
buffering functions, therefore, permit independent and 
simultaneous multiple-input-output operations. 


A distinctive feature of the CARDATRON System is its 
editing ability, which complements the editing and format 
control facilities of the plugboard panel on the card- 
handling machine. During the input phase, for example, 
each card can select one from among six different editing 
modes, five of which are under program control. These 
modes will not only edit the contents of a card, but will 
automatically translate card information into Data Proc- 
essor code. 


It is the purpose of this section to describe the communi- 
cation of the CARDATRON System with the peripheral 
card-handling equipment and the Data Processor; and to 
examine the coding techniques and programming methods 
which afford maximum efficiency of operation. 


INPUT UNIT OPERATION 
MACHINE CHARACTERISTICS 


The principal components of the Input Unit are a buffer 
drum and the associated control circuitry including a 
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Core Shift Register which effects the translation of card 
code to CARDATRON code. The operation of this Core 
Shift Register is automatic and does not come under the 
control of the programmer. The buffer is a magnetic 
storage drum which is two inches in diameter and re- 
volves at a speed of 21,600 rpm. (One complete revolution 
requires 2.78 ms.) Information is stored around the drum 
on one information band and editing digits on format 
bands. Each of these bands contains 320 digit positions, 
319 of which are available for operational use. 


THE INFORMATION BAND 


Information read from a single card is stored on the in- 
formation band of the buffer drum. The execution of a 
CARD READ (CRD) instruction transfers this informa- 
tion to core storage in the Data Processor. Ali editing of 
the information is under control of one of the format 
bands. Information is recorded on the information band 
in binary-coded decimal notation; four bits are available 
for each digit position. Two digit positions on the infor- 
mation band are required to record the information from 
one card column; one position receives the digit supplied 
by the numeric punch on the card (rows 9 through 1), 
and the second position receives the digit supplied by the 
zone punch (rows 0, 11, and 12). Therefore, 160 of the 
319 digit positions will always be used in transferring 
information from an 80-column punched card. Of the 29 
words (319 positions) on the band, eleven positions are 
used to shift the information through the system, permit- 
ting a maximum of 28 Data Processor words to be used 
for active information. The 29th word on the format band 
(eleven lowest order digits) will be filled with zeros. 


FORMAT BANDS 


There are five format bands on the buffer drum. The 
digits 0, 1, 2 and 3 in the format bands perform the edit- 
ing function; there are two bits available for each digit 
position. The digit positions on the format band corres- 
pond to those on the information band and are numbered 
consecutively in the same order. Each format-band digit 
controls the transfer of information to and from the cor- 
responding digit position on the information band. 


The card being read on the buffer drum has preselected 
the particular format band to be used in editing the infor- 
mation on that card. The section is made by a punch in a 
predesignated column. This punch can indicate one (and 
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in certain cases more than one) of eight possible format 
choices: five of these are the format bands, and the other 
three are the fixed editing functions. 


These fixed editing functions control the following opera- 
tions: transfer of information with a standard numeric 
format; rejection of cards from which the information is 
not to be transferred to the Data Processor; and inhibition 
of the automatic card-reading operation, used when load- 
ing or changing format-band digits. 


Each card column requires two digit positions on the 
information band, and these two digit positions are edited 
by the corresponding digit positions on the selected format 
band. It is important that the reasons for this be given 
extensive consideration. A primary function of the CARD- 
ATRON System is data editing and format control. The 
system will accommodate alphanumeric information, trans- 
late alphabetic and numeric characters from the 12-row 
card code to two-digit binary-coded decimal machine 
code, and effect the proper placement of these characters 
in the Data Processor word. 


An alphabetic character requires two punches in a given 
card column and therefore two positions on the informa- 
tion band (one for each punch); it is also represented 
in the Data Processor word by two digits. A numeric 
character, though it requires only one punch on a card, 
is also represented on the information band by two digits; 
it may be reduced, under format control, to one digit in 
the Data Processor word. Therefore, al! card columns 
require two positions on the information band. Within 
the Data Processor, alphabetic material is always coded 
in two digits; numeric information may be represented 
by either one or two digits, depending on whether the 
card field is treated as numeric or alphanumeric. 


ROW COUNTER 


CARDATRON System operations are controlled by a 
4-bit decade called the row counter. This counter has 16 
decimal values, 0 through 15. The setting of the row 
counter is shown by the RC indicators in the 0 register 
on the Input Unit control panel’; these indicators show 
what part of the card cycle is in progress. During the 
reading of a card, the row counter is synchronized with 
the digit pulses from the card reader, so that when card 
row 9 is being read, for example, the row counter is set 
at 9. This setting assigns a digital value to the punches 
being sensed at a particular time. (See Table 6-1 for the 
various row counter settings and their interpretations. ) 


CORE SHIFT REGISTER 


The Core Shift Register of the Input Unit consists of 80 
magnetic cores which are connected to the 80 TO CARD- 
ATRON hubs on the card reader. A punch in a card 
column pulses the TO CARDATRON hub for that card 


column, which sets the corresponding core. Each core, 


'See Handbook of Operating Procedures for the BURROUGHS 220. 


therefore, is set by a punch from the corresponding card 
column. The Core Shift Register is set in parallel; all 
punches in one 80-column row are sensed and the cores 
set simultaneously. The configuration of set cores dupli- 
cates the configuration of punches in any one card row. 
The cores then transfer the information in serial fashion 
by shifting the information off to the right and on to the 
buffer drum. The value of the digits written on the buffer 
drum is determined by the row counter setting (Table 


6-1). 
THE NUMERIC TOGGLE 


Since there are 160 format-band digits controlling the 
transfer of 80 card columns, and since there are only 80 
cores in the core register, it follows that not all of the 
format-band digits can be active and cause a shift in the 
Core Shift Register at any one row time. There are two 
format-band digits for every card column, one to transfer 
the numeric punch and one to transfer the zone punch. 
The row counter indicates whether a numeric or zene 
row on the card is being read. Working in conjunction 
with the row counter is the numeric (NU) toggle (an in- 
ternal electronic switch) which, by its set or reset con- 
dition, designates which format digits transfer numeric 
punches and which transfer zone punches to the informa- 
tion band. The NU toggle changes state each time one of 
the format digits which affects the transfer of information 
from a card column is encountered in the format band. 
Thus the CARDATRON System keeps track of the trans- 
fer digits in the active segment of the format band so that 
they are interpreted alternately with numeric or zone 
significance. When the row counter is set at a numeric 
row value, the state of the NU toggle will cause only the 
format-band digits which transfer numeric punches to be 
active; when the row counter indicates zone time, only 
the format-band digits controlling the transfer of zone 
punches will be active. 


THE TWO PHASES OF 
INPUT OPERATION 


The transfer of information through the Input Unit occurs 
in two phases. The first phase involves reading the infor- 
mation from a card onto the drum (Figure 6-1). This 
process takes place automatically, provided that the card 
machine is ready to begin a card reading cycle. The Input 
Unit stores this information on the buffer drum as long 
as necessary. 


The second phase of operation occurs when a CARD 
READ (CRD) instruction is executed by the Data Proc- 
essor, causing the Input Unit to transfer the information 
from the buffer drum to core storage. As soon as this 
information leaves the Input Unit, automatic read-in of 
the next card follows immediately, unless Reload Lockout 
has been imposed. 


TRANSFER OF DATA TO INFORMATION BAND 


As a card feeds into the reader, it is read row by row: 
the punches sensed in each row pulse the appropriate TO 
CARDATRON hubs, causing the corresponding cores of 
the Core Shift Register to be set. Each row is transferred 
separately to the Core Shift Register which duplicates 
the configuration of punches in that card row. When that 
information is shifted onto the buffer drum, its digital 
value is assigned by the row counter. If, for instance, a 
punch occurs in column 72 of the card being read, the 
core corresponding to column 72 will be set. If the row 
counter indicates 9 time, then the digital value transferred 
to the buffer drum from the set core will be 9. 


While the card reader prepares to read the next row, the 
Core Shift Register shifts the information off in serial 
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fashion, one digit at a time, shifting 80 positions to the 
right for each row read. The information from the row 
is transmitted to the information band; its placement in 
the 319 digit positions on the band is determined by the 
format digits in the equivalent digit positions on the for- 
mat band selected. The shifting of the register is synchro- 
nized with the rotation of the buffer drum. so that with 
each shift one digit position on the information band 
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pass th 
in the format band, the core register does not shift; no 
information is transferred, and so a zero is placed in the 
corresponding position on the information band. Thus 
zeros are inserted between information digits at this state, 
expanding the 80 columns of card information as much 


as desired within the 319 positions available. When a 2 


Tabie 6-1. Row Counter settings, CARDATRON 220 Input Unit 


Row 
Counter | Significance 
Setting 


Buffer unloaded, ready for reader. 


9 Read 9 row of card. 
8 Read 8 row of card. 
1 Read 7 row of card. 


6 Read 6 row oi card. 

3 Read 5 row of card. 

4 Read 4 row of card. 

3 Read 3 row of card. 

2 Read 2 row of card. 

q. Read 1 row of card. 

0 Read 0 row of card. 
15 Read 11 row of card. 
14 Read 12 row of card. 
134 Buffer loaded, ready for 


Data Processor. 


12 Transfer information to Data Processor 


if CRD or erase format band if CRF. 
11 Erase information band if CRD. 


* To execute a CRF instruction, RC must be set to 11 or 13, and FS’ to 7. 


> To execute a CRF instruction, RC must be set to 12 or 10, and FS’ to 7. 


* Ibid 
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Row 
Counter Significance 
Setting 


Buffer unloaded, ready for reader. 


14 Read 12 row of card. 
15 Read 11 row of card. 
0 Read 0 row of card. 
i Read i row of card. 
2 Read 2 row of card. 
3 Read 3 row of card. 
4 Read 4 row of card. 
5 Read 5 row of card. 
6 Read 6 row of card. 
es Read 7 row of card. 
8 Read 8 row of card. 
9 Read 9 row of card. 

10° Buffer loaded, ready for 


Data Processor. 


11 Transfer information to Data Processor 


if CRD or erase format band if CRF. 
12 Erase information band if CRD. 
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appears in the format band, a 2 is transferred by the same 
procedure to the corresponding position on the informa- 
tion band. 


The information band on the buffer drum is loaded auto- 
matically, unless this operation is restricted by Reload 
Lockout instructions from either the Data Processor or 
the preceding card. When all the rows on a card have 
been sensed and the information from that card has been 
transmitted through the Core Shift Register, all the infor- 
mation from that card has been accumulated on the in- 
formation band in binary-coded decimal form. 


TRANSFER OF DATA TO CORE STORAGE 


Execution of A CARD READ (CRD) Instruction. Execu- 
tion of a CARD READ instruction transfers the contents 
of the information band to a series of consecutively ad- 
dressed locations in core storage in one revolution of the 
buffer drum. Again the format-band digits take control 
of the transfer. As each digit from the information is 
transmitted through the control units, the format digits 
determine whether the material is to be translated as al- 
phabetic or numeric information. The same digits govern 
the final editing of the information just before it enters 
the D register. Specified digits may. be deleted or zeros 
or 2’s may be inserted in the information stream before 
it reaches core storage. Those digits. which are to be 
transferred to storage along with the 0’s (often called 
scaling 0's) that have been used to fill out Data Processor 
words during transfer of data to the information band. 
now begin their passage through the registers of the Data 
Processor to core storage. 


Flow of Information through The Data Processor. Digits 
from the first word transferred from the information 
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band on the Input Unit buffer drum enter the Data Proc- 
essor through the sign position of the D register (see 
Figure 6-1). The D register shifts right until it is filled 
with the 11 digits of a Data Processor word. The right- 
most five digits of this word are shifted through the 
adder, (where. if called for, B-register address-modifica- 
tion occurs! to the five low-order positions of the IB 
register. The six left-most digits are shifted directly to 
the six high-order positions of the IB register. The second 
word is shifted into the D register immediately following 
the first. and prepares to make the same transfer. 


Meanwhile, the first word. which is in the IB register, is 
transferred to core storage. clearing the IB register. As 
soon as the first word is stored. the second word fills the 
IB register. The third word is then transferred from the 
information band to the D register and so forth. This 
process continues until the last word to be transferred is 
in the D register. The last word is shifted into core stor- 
age, through the adder and IB register, by the eleven 
zeros in the inactive segment of the format band. At this 
point. all the words have been transferred and stored in 
sequence. and the information band has been completely 
read. The Data Processor is free to continue processing 
while the card machine automatically proceeds to read 
the information from the next card onto the buffer drum. 


Information is read from cards through the Core Shift 
Register which transfers it onto the information band on 
the buffer drum. The information is read from right-to- 
left: that is. by column, from column 80 to column 1. It 
is stored. however. in left-to-right order, by word, in 
descending sequence from the address given in the CARD 
READ instruction so that the left-most card field enters 
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Figure 6-1. Input information path. 


the lowest memory location. This procedure facilitates 
the use of B-register address-modification on input. (Out- 
put operations transfer the information in right-to-left 
order, by word, so that the information will reappear, 
after processing, in the same relative sequence as that in 
which it entered the system. ) 


If an attempt is made to execute a CARD READ instruc- 
tion before the transfer of information from card to 
buffer has been completed, the Data Processor will wait 
until that transfer is completed; the execution of the 
CARD READ instruction will then proceed. The status 
of an Input Unit may be ascertained by executing a 


CARD READ INTERROGATE, BRANCH instruction. 


Use of The INTERROGATE Instruction. The Data Proc- 
essor cannot execute a CARD READ (CRD) instruction 
until the transfer of information from card reader to the 
information band is complete. Therefore, some computa- 
tion time may be lost while the Data Processor waits 
until the buffer drum is ready to be unloaded. The CARD 
READ INTERROGATE, BRANCH (CRI) instruction has 


been provided to avoid this delay; with this instruction, 


the Input Unit can be interrogated to find out if it is - 


ready. If it is ready, the information can be transferred 
and the next card can be read. If it is not ready, proces- 
sing of information which is already in storage continues. 


Altering the Flow of Information. A 6 or 7 punch in the 
sign-digit position of a word transferred from the buffer 
drum can be used to change the path of the information 
transfer. Under sign control, the information in a given 
card word can he sent te the C register after its passage 
through the D register, the adder, and the IB register. 
The 6 or 7 in the sign position inhibits the transfer into 
core storage, and the information passes directly into the 
C register. Such input words can be used to control the 
input and storage of subsequent information. 


INPUT FORMAT BANDS 
FORMAT SELECTION 


The cards which are read by a card-handling device for 
input through the CARDATRON System must contain a 
punch in a predesignated column indicating which format 
band or fixed editing function will govern the loading 
process, if each card is to select its own format. These 
punches are interpreted (under control of the plugboard 
panel wiring) before the information is read from the 
card, causing the proper selection of format by the Input 


Unit. 


PROGRAM-CONTROLLED FORMAT BANDS 


The first five of eight possible format choices are the 
format bands on the buffer drum. Each is identified on 
the plugboard panel of the card reader by one of the 
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digits 1, 2, 3, 4, or 5, and can be selected by a punch in 
a designated card column. These five format bands are 
program-controlled in that the editing digits are loaded 
onto the format band by the execution of a CARD READ, 
FORMAT LOAD (CRF) instruction. This instruction 
transfers 319 format digits (29 Data Processor words) 
from Data Processor storage to a designated input format 
band. The format bands cannot be loaded directly from 
cards; the format digits must first be stored in the Data 


Processor as 29 Data Processor words. 


FIXED EDITING FUNCTIONS 


In addition to the five format bands, three special editing 
functions are available for input only; these too are 
chosen by a punch in the column and are identified by 
the numbers 6, 7, and 8. These fixed editing functions 
cannot be modified to the point of changing format or 
characters by an instruction from the program stored in 
the Data Processor. 


Numeric Format (6). Use of format 6 causes all infor- 
mation from a card to be treated as numeric and trans- 
ferred according to a set pattern. The primary purpose 
of format 6 is to load the object program, including for- 
mat bands, into core storage. Two format-band digits are 
required to transfer information from a card column; the 
pair of digits 31 transfers numeric information. Each 31 
combination of format digits will transfer one Data Proc- 
essor digit. 
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column fields beginning at the right. Format 6 affects the 
information from the card as follows: 


All overpunches are deleted; that is, only the numeric 
punches are sensed. (Under numeric interpretation, a 
blank column will be treated as a 0 punch.) The sign is 
transferred from the lowest numbered column (the least- 
significant-digit position) of each card field. 


Any card read in under this editing pattern must have 
the following format: the card is divided into eight fields 
comprised of columns 1 through 3, 4 through 14, 15 
through 25, 26 through 36, 37 through 47, 48 through 
58, 59 through 69, and 70 through 80. The numeric part 
of each of these eight fields, with the exception of the 
first, is translated as an 11]-digit Data Processor word. 


Normally these columns will be wired to the correspond- 
ing sets of TO CARDATRON hubs on the plugboard 
panel; however, it is possible, if the pragrammer desires, 
to use other plugboard panel wiring to rearrange the 
order of the words. For example, card columns 37 
through 47 could be wired to TO CARDATRON hubs 
4 through 14. Other card fields could be transposed on 
input in the same way. 


The eight card fields are transferred from the card in 
right-to-left order and are stored in the Data Processor 
in descending sequence. The simulated format digits will 
transfer eight full Data Processor words to storage. To 
the numeric part of the three-column field wired to TO 
CARDATRON hubs 1 through 3 are added eight high- 
order 0’s to form a complete Data Processor word. An 
additional five words of zeros are supplied automatically 
by the fixed numeric format function, effecting a transfer 
of a total of thirteen full Data Processor words. In many 
cases, the programmer will not want the five words of 
0’s occupying space in Data Processor storage; a signal 
can be supplied by the input card to inhibit the transfer 
to storage of the 0’s or of unwanted information. 


Reject Format (7). The reject function allows a card to 
pass through the card reader without transfer of the infor- 
mation in it to core storage. The contents of the card are 
actually transferred to the information band under con- 
trol of format 6. However. transfer of information to 
the Data Processor is inhibited, because the selection of 
format 7 sets the row counter so that the Input Unit 
by-passes the transfer of digits from the information band 
to the Data Processor, clears the information band, and 
immediately starts the next card-read cycle. The next 
card feeds into the card reader automatically, and its 
contents fill the information band, unless Reload Lockout 
has been imposed. A card which selects Reject Format 
has no effect on the program, since its contents never 
reach the Data Processor. 


Reload Lockout (8): When Reload Lockout is selected. 
automatic feed and read-in of the card following is in- 
hibited. There are two possible situations when Reload 
Lockout may be used: (1) when one or more format 
bands are to be changed, and (2) when the programmer 
wants the information band to be read twice so that its 
contents will appear in two storage areas. Reload Lock- 
out may be imposed either from the stored program or 
from a card punched to designate format 8. 


From the stored program Reload Lockout must be im- 
posed by a CARD READ (CRD) instruction. The impo- 
sition of Reload Lockout by a CARD READ instruction 
does not inhibit the transfer of the existent contents of 
the information band, but inhibits rather the automatic 
signal back to the card machine to begin reading the 
next card. It may then be reimposed by either the next 
CRD or a CARD READ, FORMAT LOAD (CRF) in- 
struction. Either of these instructions, when properly 
coded, may also release Reload Lockout. 
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Reload Lockout may be selected by coding a 1 or 9 in 
the r-digit position of the CRD instruction (+ uivr 60 
aaaa). It may be reimposed, if desired, by coding an odd 
digit in the f-digit position of the CRF instruction (+ 
uiif 62 aaaa). Reload Lockout will be released by the 
CRD instruction if the r-digit is 0 or 8; if r is an even 
digit in the CRF instruction, Reload Lockout will be 
released. 


The selection of the format band on which the editing 
control stream is written and the imposition or release 
of Reload Lockout’ are effected by the CRF instruction 
as described in the table which follows: 


Format Reload 
Band Lockout 


0 | Released 


Imposed 
Released 


Imposed 
Released 
Imposed 
Released 
Imposed 
Released 
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Imposed 


If Reload Lockout is imposed to permit a format band 
to be changed, the CRD instruction used to impose Lock- 
out will be followed by a CRF instruction. The CRF in- 
struction causes the format digits on the designated band 
to be replaced by new format digits from the specified 
locations in core storage. 


If only one format band is to be loaded, the variant-digit 
f in the CRF instruction is coded even. On execution of 
the instruction, the designated format band is loaded, 
Reload Lockout is released, and the contents of the card 
that was locked out are read onto the information band. 
The next CRD instruction will cause the new contents of 
the information band to be transferred to core storage. 


If more than one format band is to be loaded, the f digit 
in each CRF instruction is coded odd, to reimpose Reload 
Lockout, until the instruction which loads the last format 
band is reached. The f digit is then coded even. 


* Format band 8 must be selected in conjunction with the selection of some other format band; if it is not, a No Format ALARM STOP 
will occur. (The No Format ALARM appears on the CARDATRON Input Unit Panel and a CARDATRON ALARM appears on the Con- 


trol Console of the Data Processor.) 


The effect of the imposition of Reload Lockout by selec- 
tion of format 8 from the punched card is exactly the 
same as that which would occur if a 1 or a 9 had been 


punched in the r-digit position of the CARD READ in- 
struction. This instruction will transfer the contents of 
the information band to core storage and will impose 


Reload Lockout just as though it had been so coded. 


THE USE OF INPUT FORMAT 
BAND DIGITS 


The transfer of information from card to buffer. and 
from buffer to Data Processor storage is effected under 
control of the format band. Two format-band digits are 
required to transfer and edit the information from each 
card column. To read an 80-column card. therefore. a 
minimum of 160 format digits must be used in the active 
segment of the format band. 


INSERT ZERO DIGIT (0) 


Use of this digit on a format band causes a 0 to be writ- 
ten in a designated position on the information band. In 
no way does it affect the operation of the CARDATRON 
System; the 0 does not replace nor transfer information 
from the punched card; it only causes 0’s to be written 
into the Data Processor word. As demonstrated in Figure 
6-2, the programmer, if he desires, can construct a com- 
plete 11-digit word of 0’s. Assume, for example. that in 
a given card, columns 36, 37, 38 and 39 contain numeric 
information. The format band transfers this information 
so that it is reproduced in storage as single numeric 
digits. 


Two 0’s in the corresponding positions in the format 
band will produce two 0’s in the Data Processor word 
between the digits supplied by card columns 37 and 38: 


Contents of card field 


Format-band digits 


Portion of Data Processor 
word 


ALPHANUMERIC-TRANSFER DIGIT (1) 


A 1 digit in the format band will transfer either a nu- 
meric punch or a zone punch into the corresponding 
position in the information band. If, for example, the 
first two format-band positions contain 1’s (these are the 
two format-band positions which: edit the contents of 
card column 80), the 1 digit in format position 1 will 
transfer the numeric portion of column 80 to the infor- 
mation band, and the 1 in format position 2 will transfer 
the zone portion of that column. A pair of 1’s, therefore, 
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is required to transfer both punches from one card coi- 
umn. Only the 1 digit will transfer information from a 
card to a Data Processor word. In the transfer from 
buffer drum to core storage. the transfer is effected under 
control of the same | digits which controlled the transfer 
frum card to buffer drum. The following example will 
illustrate the effect of the ]1 digit on card information. 


Format-band digits 


Alphabetic contents of card field 


Portion of Data Processor word 


Further. then. if card column 79 contained both numeric 
and zone punches for alphabetic information. and format 
positions 3 and -I contained 1’s: 


Format-band digits 


Alphabetic contents of card field 


Portion of Data Processor word 


INSERT 2 DIGIT (2) 


On input. a Z digit inserts a 2 in the corresponding posi- 
tion on the information band. In the transfer from buffer 
drum to core storage, a 2 is inserted into the correspond- 
ing position in the Data Processor word. In principle. 
then, the function of format digit 2 is the same as that 
of the 0 digit: there is a one-for-one transfer of 2’s into 
storage. In addition, a 2 permits the insertion, in the 
sign-digit position of a word, of the flag which identifies 
it as an alphanumeric word. It is this digit which effects 
compatibility between the CARDATRON System and the 


Paper-Tape and Supervisory Printer systems. 


DELETE DIGIT (3) 


Format digit 3 deletes the numeric or zone punch which 
it is editing. The primary uses of this digit are the con- 
traction of punched card information and the filling-out 
of the inactive segment of the format band. Data from 
the card column coming into the information band under 
control of format digit 3 is transferred to the information 
band in the normal fashion. However, with the execution 
of a CARD READ instruction, the 3 in the format band 
inhibits the D register shift and prevents the information 
under its control from reaching the D register. For this 
corresponding digit position, therefore, nothing is trans- 
ferred to core storage. 
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Card Columns 50 | 51 


52 

31 | 33. ] idl 
6{A] B 
6 42 


Note that in column 50 the 1 digit transferred the nu- 
meric portion of the column, a 6, into its corresponding 
position in the Data Processor word. The 3, however, 
deleted the zone portion of the column, so that nothing 
was transferred to its corresponding position in the Data 
Processor word. In column 51, the digit pair 33 deleted 
both the numeric and zone portions of the column, so 
that nothing was transferred to the Data Processor word 
for this digit position. The digit pair 11 in column 52 
transferred the alphabetic information (B) to core stor- 
age and translated it into Data Processor code for that 
character (42). 


Format-band digits 


Alphanumeric contents of card field 


Portion of Data Processor word 


TRANSFERRING THE SIGN-POSITION DIGIT 


The eleventh digit position, the high-order digit, of the 
Data Processor word is the sign-digit position of that 
word. This digit may be supplied by an overpunch in the 
card column at zone time or by a 1 or 0 punch at nu- 
meric time. The sign is transferred under control of the 
same format digits which edit any numeric information. 
Assume, for example, that the format calls for an over- 
punch in the sign position, but there is not enough nu- 
meric information to fill all eleven digits of the Data 
Processor word, as illustrated in the following example: 


cation | [7a [| 


4 7 7 9 ) 
1000001 | 31 | 31 | 31 | 31 
1000004 | 7 7 9 5 


The digit pairs 31 transferred the numeric information 
in columns 77—80; the 1 corresponding to the numeric 
portion of column 76 transferred that portion of the col- 
umn. 0’s in the remaining format positions transferred 
0’s into the next five most-significant-digit positions, thus 
forming a complete Data Processor word. The format 
digit 1 corresponding to the zone portion of column 76 
transferred that portion at sign time. Owing to the inser- 
tion of the 0’s, the D register did not interpret this punch 
as information belonging to the sixth most-significant- 
digit position, but as the sign digit of this Data Processor 
word. 


Contents of card field 


Format-band digits 


Data Processor word 


The sign digit may also be supplied by a 1 or 0 punch 
in the numeric portion of a given card column. If the 
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card field does not contain sufficient information to form 
a complete Data Processor word, 0’s may be inserted to 
fill in the remaining digit positions, and the designated 
column will be transferred at sign time. 


Sc 


Contents of card field 1 4) 7] 719] 5 
3100000 | 31 {31 131 {31 [31 
100000} 4] 7} 7} 9] 5 


The 1 digit transferred the numeric portion of column 
75 at sign time; the zone portion was deleted by the digit 
3. After the transfer of the information in column 76, the 
transfer of the 0’s was not recognized as numeric activity 
by the D register. Thus, the word in storage was com- 
pleted by the 0’s, but the transfer of the numeric punch 
in column 75 was delayed until sign time. 


Format-band digits 


‘Data Processor word 


FUNCTIONS OF INPUT FORMAT-BAND 
DIGIT PAIRS 


In understanding the applications of format-band digits, 
it is necessary to remember that card column information 
can be accommodated only by pairs of format digits; one 
digit to transfer the numeric portion of the column; one 
digit to transfer the zone portion. 


NUMERIC TRANSFER: DIGIT PAIR 31 


As shown in previously cited examples, the format digit 
1 will transfer one digit of numeric information to the 
information band and then to core storage. To effect the 
transfer of numeric characters, therefore, only the nu- 
meric portion of the card column need be transferred by 
the format digit 1; the zone portion is deleted by the 
digit 3. Thus the digit pair 31 is used to edit numeric 
information in a given card column. 


ALPHABETIC TRANSFER: DIGIT PAIR 11 


The Data Processor recognizes certain pairs of decimal 
digits as being the equivalents of certain alphabetic char- 
acters, and under specified conditions will translate them 
as such. For example: A = 41, B = 42 and so forth. 
Since each portion of the card column, zone and numeric, 
will contain a digit of numeric information, there must 
be a punch in both portions if alphabetic information is 
to be obtained. In the editing control stream, then, the 
digit pair 11 is required to transfer one column of alpha- 
betic information to the information band and core.stor- 
age. The right-most digit transfers the numeric portion 
of the column; the next digit transfers the zone portion. 


COLUMN DELETE: DIGIT PAIR 33 


If the entire contents of a card column are to be deleted 
and not transferred to the Data Processor word, the digit 


pair 33 is entered in the editing control stream in the 
positions corresponding to that column. Thus both the 
zone and numeric portions of the column are deleted and 
the information is not transferred to core storage. 


CONSTRUCTION OF AN INPUT 
FORMAT BAND 


For the purposes of most applications, the construction 
of an input format band can be considered as five sepa- 
rate steps: 


1. Determining the editing requirements. These are 
established when the punched-card format is known 
and the processing requirements, including the form 
needed for the Data Processor words, have been 
stated. 


2. Filling out the CARDATRON format-band coding 
form (Figure 6-2). This furnishes a written repre- 
sentation of the format digits that will do the re- 
quired editing. 


3. Preparing the cards that will contain the format 
digits to be read into core storage. 


4. Loading the format-band digits into storage. 


5. Transferring the format-band digits from storage 
to the designated format band on the Input Unit 
buffer drum. 


USING THE FORMAT-BAND 
CODING FORM 


ORDERING OF EDITING AND TRANSFER 


On the format-band coding form (Figure 6-2), the num- 
bered squares for the format-band digits read from right 
to left. This right-to-left order. is characteristic of the 
BURROUGHS 220 CARDATRON System: the digits are 
written on the coding form from right to left; informa- 
tion on a card is both edited and transferred from right 
to left, beginning with column 80. 


ACTIVE SEGMENT 


Those digits required for editing the contents of a card 
and inserting 0’s and 2’s into the Data Processor words 
make up the active segment of a format band. There are 
always at least 160 digits in the active segment because 
two digits are needed to edit each of the 80 columns on 
a card. There will be more than 160 digits in the active 
segment if the editing requirements call for the insertion 
of 0’s or 2’s among the information digits read from 
the card. The active segment begins with digit position 
1, on the right side of the coding form. 
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INACTIVE SEGMENT 


The rest of the total of 319 available digits comprise the 
inactive segment of the format band. Eleven of these must 
be 0’s (usually the last eleven); the other positions of 
the inactive segment are occupied by 3’s. 


WRITING AN INPUT FORMAT BAND: 
EXAMPLE 


This section describes the use of an input format-band 
coding form by following, step by step, the process of. 
writing an input format band. The completed sample 
form is shown in Figure 6-2. A sample problem, such as 
the Payroll Adjustment Card format and format band 
shown in Figure 6-2, will illustrate the principles and 
techniques of coding a format band in a typical but sim- 
ple situation. 


At the top of the CARDATRON format coding form, 
there is a horizontal row of squares numbered 1—120, 
from left to right. The first 80 of these numbers represent 
the 80 columns in a punched Payroll Adjustment input 
card. The card format is laid out along this row, in par- 


=I f.. os ~ weigh oe or 
allel fashion, normally from left to right, digit- for-digit, 


as shown in Figure 6-2. The symbols representing the 
information in the card are: 


A = Alphabetic character 
N = Numeric character 
D = Digit delete 
In left to right order, that is, reading from column 1 


through 80, the card itself contains the following infor- 
mation: 


1. Two deleted digits, columns 1 and 2. 


2. Employee number; numeric information, columns 3 


through 10. 


3. Employee’s name; alphabetic information, columns 
11 through 25. 


4. Department; alphabetic information, columns 26 
and 27. 


5. Standard rate of pay; numeric information, columns 
28 through 30. 


6. Overtime rate; numeric information, columns 31 
through 33. 


7. Deleted digits; columns 34 through 52. 


8. Department number; numeric information, columns 


d3 and 54, 
9. One deleted digit, column 55. 


10. Insurance premium; numeric information, columns 
56 through 59. Numeric sign, displayed in entire 
card column. 


11. Year-to-date gross; numeric information, columns 
60 through 66; sign is overpunched in column 60. 

12. Year-to-date net; numeric information, columns 67 
through 73; sign is overpunched in column 67. 

13. Code; alphanumeric information, columns 74 
through 77. 

14. Three deleted digits, columns 78 through 80. 


In the center of the lower half of the coding form, there 
is a block labelled STORAGE DISPLAY. Here, the card 
format is filled in just as it will appear in core storage. 
It is divided into two segments, each representing a col- 
umn of Data Processor words (the card format), and 
their locations in storage (labelled LOC.), with space 
provided for remarks. The programmer should begin the 
entries in the bottom row of the right-hand segment, since 
the information is transferred into storage in descending 
order. 


Beginning with the bottom row of the right-hand segment, 
the right-most field of information on the punched card, 
(in this case it is the alphanumeric code) is entered in 
the space provided. Note that this does not include the 
three deleted digits in columns 78—80. Since two numeric 
characters on a punched card are required to transfer one 
alphabetic character to core storage, every alphabetic 
character transferred will occupy two digit positions in 
the Data Processor word. Therefore, the format for this 
particular word in core storage will be: 


1012 OO000ONAAAAN 


The code digits for the alphabetic characters AA in the 
punched card occupy digit positions 6—9 in the Data 
Processor word, and are represented in STORAGE DIS- 
PLAY as AA AA. The programmer chose to assign this 
word to storage location 1012; the ensuing words are 
stored sequentially in descending order. 


The next two words, representing this employee’s year- 
to-date net and year-to-date gross, are stored in locations 
1011 and 1010, respectively. Since these words contain 
only numeric information, there is a one-for-one digit 
transfer from punched card to core storage. They will 
appear in storage, then, as: 


+000NNNNNNN 
+000NNNNNNN 


1010 
1011 


Provision must be made for including the sign digit, in 
both cases an overpunch, since these quantities may have 
either a positive or negative value. 


For this particular application, the programmer has chos- 
en to insert a complete word of zeros in location 1009. 


Most of the other Data Processor words in the STORAGE 
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DISPLAY are partially constructed of zeros. Data Proc- 
essor words, then, may contain zeros in any amount, and 
words wholly or partially containing zeros may be placed 


in the STORAGE DISPLAY wherever desired. 


The insurance-premium Data Processor word contains 
three digits of numeric information. Note, however, that 
a numeric character with the designation “sign” occupies 
column 56 of the card format section. This means that 
the sign digit of the word appears in the numeric portion 
of the punched card as a 1 if negative, and as a blank 
if positive. 


The next word, the department number, contains two 
digits of numeric information and is stored in location 
1007. Obviously, the deleted digits which follow this word 
in the punched card are not shown in the STORAGE 
DISPLAY section. 


Storage locations 1006 and 1005 are occupied by the 
overtime rate and the standard rate of pay respectively. 
Each contain three digit positions of numeric informa- 
tion, and here again, there is a one-for-one transfer to 
core storage. 


The department code, which occupies columns 26 and 27 
in the punched card, is alphabetic information and occu- 
pies the four least-significant-digit positions in storage 
location 1004. As in the case of the code number in loca- 
tion 1012, it is necessary to remember here that two nu- 
meric characters are required to transfer one alphabetic 
character to core storage. Therefore, the word in location 
1004 shows the configuration: ZO00000AAAA. The same 
is true of the employee’s name, which appears in columns 
11 through 25 of the punched card. These 15 digits are 
alphabetic information; owing to this same requirement 
of a two-for-one transfer, the name appears in core stor- 
age as three words (ten digits plus sign), occupying lo- 
cations 1003, 1002, and 1001. 


Note that in each of the four Data Processor words which 
contain only alphabetic information, the digit 2 appears 
in the sign position of each word. Whereas the digit 2 in 
the sign position will not directly affect operation within 
the CARDATRON system, it serves to demonstrate the 
fact that a format digit 2 will insert a 2 in the stored 
program. Further, the 2 in the sign position is required 
to effect compatibility between the CARDATRON system 
and the Paper-Tape and Supervisory Printer systems, if 
an alphabetic translation of the material is.desired. There- 
fore, unless a 2 is provided in the sign-digit position, 
there can be no supervisory printout in alphabetic char- 
acters. 


THE EDITING CONTROL STREAM 


In the central portion of the coding form, there are five 
parallel rows of numbered squares, beginning with 1 and 


Burroughs Corporation BURROUGHS 220 CARDATRON FORMAT BAND CODING FORM 


inpuT [Xx] BAND No.__/ 


output [] UNIT NO__/ 
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Figure 6-2. Format-Band Coding Form (Input). 


BAND No:_/__ TITLE: DAMPLE FReoBten REMARKS:__L4YZOCE 


UNIT No: _/ ROUTINE: BOISYSTMERIT CARD 
INPUT: +. cover: GACDRIP -SOLT 
OUTPUT: ______ DATE:: 

INPUT: 


FORMAT BAND CORE REGISTER INFORMATION D. 1B REGISTERS 
DIGITS EDITING FUNCTION SHIFTS TRANSFER SHIFT 
INSERT 0O NO NO YES 


TRANSFER DIGIT YES YES VES 


INSERT 2 NO NO YES 
DELETE DIGIT YES NO NO 


TYPE OF CARD 
COLUMN 


FORMAT 


| 
ABBR’ BAND DIGITS 


EDITED RESULTS IN WORD 


ALPHABETIC OR 
SPECIAL CHARACTER] D 


TRANSLATED INTO TWO-DIGIT CODE. 
CHARACTER DELETED. 


TRANSLATED INTO SINGLE DIGIT. 


TRANSLATED INTO TWO-DIGIT CODE; 
DIGIT PRECEDED BY INSERTED 8. 


OIGiT OELETED. 
TRANSLATED AS 00. 
COLUMN DELETED. 


NUMERIC 


BLANK 


0 INSERTED; NO EFFECT ON CARD CONTENTS. 
2 INSERTED; NO EFFECT ON CARD CONTENTS. 


NOTES: 
1. Always start the active segment of the editing control stream in.digit position 1 on the format band. 
2. The Inactive segment follows the active segment and contains 3’s, except as noted below. 


3. Eleven 0's are needed following the active segment to shift the last word out of the D register and into 


storage. These 0’s may appear anywhere in the inactive segment (usually they should occupy digit posi- 
tlons 309 through 319). 


OUTPUT: 
See EDITING FUNCTION oO, NV enie? = pence ee 
) INSERT BLANK NO NO YES 
1 TRANSFER ALPHA YES YES 
2 TRANSFER NUMERIC YES YES 
3 DELETE DIGIT YES NO 


TYPE OF OUTPUT PUNCHED OR PRINTED RESULTS 


ALPHABETIC OR TWO-DIGIT CODE TRANSLATED AS 
ALPHABETIC OR SPECIAL CHARACTER. 
SPECIAL CHARACTER 


TWO DIGITS DELETED. 
ONE DIGIT TRANSLATED NUMERICALLY. 


1 THROUGH 9 TRANSLATED NUMERICALLY; 
O TRANSLATED AS BLANK. 


OVERPUNCH SIGN WITH NO DIGIT UNDERPUNCH. 
OVERPUNCH SIGN WITH DIGIT UNDERPUNCH. 
ONE DIGIT DELETED. 


NUMERIC 


BLANK COLUMN PRODUCED. 


NOTES: 
1, Always start the active segment of the editing control stream with digit position 1 corresponding to the 


numeric part of column 120. Always write a format band as if the output contained 120 printing or punch- 
ing positions. 


2. The inactive segment follows the active segment aid contains 3’s. 
3. The editing control stream digit pair 01 does not aiways produce the same effect as the digit 2. 


proceeding right to left to 319. In these squares, the edit- 
ing control stream digits are entered, in right-to-left order 
exactly as they will appear in the format band on the 
buffer drum. For every column in the card format (which 
will appear in the information band on the buffer drum), 
there must be corresponding editing digits in the format 
band. The functions of these editing control stream digits 
can probably be demonstrated most clearly by showing 
the format 


the word-for-field correspondence between 


band and the card format. 


Alphabetic, numeric, and alphanumeric information as 
well as deleted digits in the punched card are transferred 
by pairs of digits in the format band: one digit to trans- 
fer the numeric portion of the column, and the next digit 
to transfer the zone portion of the column. (The excep- 
tions among the format digits are 0’s and 2’s. A 0 will 
insert a 0 in the information band; a 2 will insert a 2.) 
The card columns are edited by the control stream digits 
as follows: 


nar Paved tt tostket-t 


in card columns 
78—80 are transferred by the pairs of 3’s which occupy 
format-digit positions 1—6. The digit pair 33 deleted col- 
umn 80 of the card. The 3 in position 1 of the format 
band deleted the numeric portion of column 80, and the 
3 in position 2 of the format band deleted the zone por- 
tion of column 80. The digit pairs 33 in format-band posi- 


tions 3—6 deleted columns 79 and 78 in the same fashion. 


The first’ card field contains alphanumeric information 
and occupies columns 77—74. The first digit to be trans- 
ferred is numeric and is located in column 77; the format 
digit 1 in position 7 transfers the numeric portion of the 
column; the digit 3 in position 8 deletes the zone portion 
of the card. The digit pair 31 in the format band, then, 
is required to transfer one numeric digit to the informa- 
tion band. The characters in columns 76 and 75 are 
alphabetic; since alphabetic characters appear in Data 
Processor code as two decimal digits (for example A = 
41, B = 42), the digit pair 11 will be required to transfer 
these digits to the information band. Thus, the digits in 
positions 9 through 12 on the format band will transfer 
card columns 76 and 75: the 1 in position 9 will transfer 
the numeric portion of column 76, and the 1 in position 
10 will transfer the zone portion of that column. In the 
same fashion, the digit pair 11 in format band positions 
1] and 12 will transfer the information in column 75. As 
previously described, the digit pair 31 in positions 12 and 
14 will transfer the numeric information in column 74. 


Format-band positions 15 through 19 are filled with 
zeros; in the first card field there are only four columns 
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of information, which are transferred to the information 
band by the format digits in positions 7 through 14. In 
core storage, however, eleven digit positions (ten digits 
plus sign) must be filled in order to form a complete 
Data Processor word. Since there is a one-for-one transfer 
of zeros, that is, a zero in the format band will transfer 
a zero to the information band, the programmer need only 
insert as many zeros as are required to complete the Data 
Processor word. This word was assigned to storage loca- 
tion 1012 and has the configuration: 


1012 OQOOONAAAAN 


The second card field, the year-to-date net, occupies card 
columns 73 through 67 with a sign overpunch (a 1 or X 
punch in column 67). The numeric information in the 
card columns is iransferred under controj of the format- 
digit pairs 31 in positions 20 through 32. Note, however, 
that although a 1 digit is in position 32 of the format 
band, position 33 contains a 0. So, also, do positions 34 
and 35. In this card field, the card format calls for an 
overpunch in column 67 to supply the sign digit in the 
Data Processor word. The 1 digit in format position 32 
accommodates the numeric portion of column 67; the 0’s 
in positions 33—35 fill in the remainder of the Data 
Processor word and delay the transfer of the zone portion 
of column 67 which is brought in at sign time under con- 
trol of the 1 digit in position 36 of the format band. The 
next card field, the year-to-date gross, is transferred in 
exactly the same fashion by the format digits in positions 


37—53. 


The eleven 0’s in format positions 54—64 insert an equal 
number of 0’s in the information band on the buffer 
drum; these, in turn, are transferred to core storage 
where they are stored as a complete word of 0’s in loca- 


tion 1009. 


The insurance premium, including numeric sign, occupies 
card columns 59—56. However, to obtain the desired scale 
factor in the Data Processor word, the three 0’s in format 
positions 65, 66 and 67 cause 0’s to be inserted in the 
three least-significant-digit positions of storage location 
1008. The next three digit pairs 31 transfer the numeric 
information in card columns 59—57 which occupy digit 
positions 5, 6, and 7 in location 1008. The 0’s in format 
positions 73—77 transfer an equal number of 0’s to the 
four high-order positions of the Data Processor word; 
then, the digit pair 31 in positions 78 and 79 transfers a 
1 or O punch from the numeric portion of column 56 to 
the sign position of this location. 


Column 55 of the punched card is deleted by the digit 
pair 33 in format positions 80 and 81. The following 
word, the department number, is transferred, in the man- 
ner previously described, by the digit pairs 31 in positions 
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90—93 of.the format band. The 0’s are supplied in the 
normal fashion. Card columns 52 through 34, however, 
are deleted by the digit pairs 33 in format positions 95— 
132; these deletions do not affect, in any way, the opera- 
tion of the CARDATRON System, and the next card fields 
in order are transferred in regular sequence to core stor- 
age. 


The card fields labelled “Dept.” and “Name” both con- 
tain alphabetic information: the digit-pairs 11 in positions 
151—203 effect the necessary transfer of these alphabetic 
characters to the information band. Since two numeric 
are required to carry one alphabetic, twice as many digit 
positions in core storage will be occupied. as there are 
columns in the card format. Thus, the employee’s name 
appears in core storage as three Data Processor words. 
occupying locations 1003, 1002. and 1001 in that order. 
The 2’s in the sign positions of these words were trans- 
ferred directly by the 2’s in the format band positions 
171. 182, 193. and 204. 


In the prescribed manner, the employee number in the 
last card field is transferred to storage location 1000 by 
the digit pairs 31 in format positions 205—220. Card 
columns 1 and 2 are deleted by the digit-pairs 33 in posi- 
tions 224—227; these digits are a function of the editing 
control stream. and are not connected with the inactive 
segment of the format band. 


THE INACTIVE SEGMENT 


Positions 228—319 of the format band comprise what is 
known as the inactive segment. It is that portion of the 
319 available format digits which is not used in the edit- 
ing control stream. It is filled in entirely with the digit 
3. except for the last eleven positions which contain 0’s. 


The section labelled PUNCHED CARD PREPARATION 
contains provisions in columns 4 through 14 for entering 
“bootstrap” instructions. The four least-significant-digits, 
columns 1] through 14, contain the addresses of the stor- 
age locations where the contents of the next card will be 
stored, Columns 9 and 10 contain the operation code: in 
this case. a 60. which is a CARD READ (CRD) instruc- 
tion. Column 5 contains the unit-designate digit of the 
control portion of the instruction; this instruction has 
designated Input Unit 1. A 6 occupies the sign position 
in column 4; under control of this sign digit, the instruc- 
tion is transferred to the C register for immediate execu- 
tion. The 6 in column | signifies that the editing control 
stream is assigned to format-band 6, that is, on each of 
the cards containing format digits, a 6 punch in column 
1 is used for selecting numeric format. The format-band 


words are stored in descending order in storage locations 
1129 through 1101. The last instruction in this section, 
6 0000 Op aaaa, is used as a “bootstrap” to continue. If, 
for example, there are additional cards to be read, it may 
be a CARD READ or a CARD READ, FORMAT LOAD 
instruction; or it may be a BRANCH UNCONDITION- 
ALLY (BUN) instruction if control is to be turned over 
to a stored program. 


The left-most section of the format-band coding form is 
labelled PAPER-TAPE PREPARATION, and shows the 
format-digit layout for paper-tape input. Note that the 
format digits enter in descending order beginning with 
position 1 at the bottom of the column. Just as in the 
punched card, the editing control digits for the first 
information field form word number 29, and proceed 
through word 1 which is the final word of 0’s. The un- 
numbered 11-digit word positions at the top and bottom 
of the form are for paper-tape read and transfer-control 
instructions respectively.* 


In the lower right-hand corner of the coding form, a sec- 
tion is provided for checking the digit count of the active 
segment of an input format band. Whereas this count 
cannot guarantee complete accuracy, it is an aid in de- 
tecting clerical errors. 


OUTPUT UNIT OPERATION 


The Output Unit, like the Input Unit, is made up of two 
essential parts, control circuitry and a magnetic drum 
(the buffer). On the drum are six bands for storing in- 
formation. One band, called the information band, is used 
to store information transferred from the Data Processor 
to the card-handling machine. The remaining five bands, 
called format bands, are used to contain editing control 
streams. Each of the six bands on the buffer can accom- 
modate 319 digits. 


Corresponding to each digit position in the information 
band is a digit position in each of the five format bands. 
Each of these digit positions is identified uniquely and in 
order by one of the numbers from 1 to 319. Digit position 
1 is regarded as the origin of a band. Whereas each digit 
position in the information band consists of a full four- 
bit decade—and hence is capable of storing any one of 
the decimal digits—each digit position in a format band 
is comprised of only two positions: it is possible to write 
only digits 0, 1, 2 and 3 in the format band. As is the 
case with an input format band, the four bit or the eight 
bit will be ignored if an attempt is made to write as a 
format-band digit a decimal digit greater than or equal 
to four. 


*A careful study of this paper-tape format section is advised. A 2 in the sign position of any of the 29 words will cause alphabetic transla- 
tion of each such word as it is read into the Data Processor. This can be prevented by having the operator set the PZT switch, on the left- 
hand Maintenance Panel of the console, to the UP position. Doing so will ensure numeric translation of all words. (See Handbook of 
Operating Procedures for the BURROUGHS 220 for a discussion of the PZT switch.) 


INFORMATION TRANSFER 


The transfer of information from the Data Processor to 
a card-handling machine takes place in two phases. Dur- 
ing the first phase, information is transferred from the 
Data Processor to the information band in response to a 
CARD WRITE instruction. During the second phase, the 
contents of thé information band are transferred to a 
card-handling machine. This is accomplished, indepen- 
dently of the Data Processor, under control of an Output 
Unit. After information has been transferred from the 
Data Processor to the information band, execution of the 
program is resumed automatically. 


Phase 1: From Data Processor to Buffer. (See Figure 
6-3.) Each CARD WRITE instruction specifies the for- 
mat band which is to edit the stream of information to be 
transferred from the Data Processor. 


CODE 


BUFFER 


DRUM 


DATA PROCESSOR 
CODE TO 
CARDATRON CODE 


CARDATRON 
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If an attempt is made to execute another CARD WRITE 
instruction before the transfer of information from the 
buffer to the card-handling machine has been completed— 
that is. before completion of Phase 2 of the information 
transfer associated with the preceding CARD WRITE in- 
struction—the Data Processor will wait until the Output 
Unit is in a state of readiness. The status of an Output 
Unit may be ascertained by executing a CARD WRITE 
INTERROGATE, BRANCH instruction. 


Phase 2: From Buffer to Card-Handling Machine. (See 
Figure 6-3.) After the information band has been loaded 
by the execution of a CARD WRITE instruction, its con- 
tents are transferred to the card-handling machine. With 
the completion of this transfer, the final editing, the dele- 
tion of unwanted digits and conversion to card code, is 
completed. 
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Figure 6-3. Output information path. 


Up to 28 full words can be transferred from sequentially 
addressed storage locations in the Data Processor. The 
first digit transferred is taken from the storage location 
specified by the address portion of the CARD WRITE 
instruction. The remaining digits are transferred from 
core storage locations in order of sequentially descending 
addresses. 


The editing control stream on the format band selected by 
the CARD WRITE instruction performs a part of the edit- 
ing process when the information is transferred to the 
information band: 0’s are inserted. In addition, part of 
the conversion from Data Processor code to card code is 
accomplished. 
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The purpose of Phase 2 of the output cycle is to present 
information from the buffer to the card-handling machine 
in the proper sequence for printing or punching. The con- 
version of information from serial presentation to parallel 
presentation takes place when the contents of the output 
Core Shift Register are transferred to the card-handling 
machine. 


As each digit is transferred from the information band it 
is set into a decade of comparison toggles. When the tog- 
gles are set, their value is compared with the value of the 
Output Unit’s row counter setting; at the same time the 
corresponding editing control stream digit in the format 
band is examined. Three cases need to be considered: 
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1. Each time there is agreement between the row coun- 2. When the editing control stream digit is a 3, the 
ter and the comparison toggles the input position— corresponding digit in the information band is de- 
the first core—of the Core Shift Register® is set and leted by the simple expedient of not setting and not 
the entire Core Shift Register is shifted one place to shifting the Core Shift Register. 
the right, except when the editing control stream 
digit is a 3. 


Table 6-2. Row Counter settings, CARDATRON 220 Output Unit 


9-Edge-First Machine 12-Edge-First Machine 


Row Row 
Counter Significance Counter Significance 
Setting Setting 


Punch 9 row; buffer unloaded, 
ready for Data Processor. 


Erase information band if CWR. 
Erase format band if CWF. 


Print 12 row; buffer unloaded, 
ready for Data Processor. 


Erase information band if CWR. 
Erase format band if CWF. 


Transfer information from 
Data Processor to buffer. 


Transfer information from 
Data Processor to buffer. 


Buffer loaded, ready for printer. Buffer loaded, ready to punch. 


Transfer 9’s to cores. Transfer 12’s to cores. 


Transfer 11’s to cores. 


Punch 12 row. 


Transfer 8’s to cores. 
Print 9 row. 


Transfer 0’s to cores. 
Punch 11 row. 


Transfer 7’s to cores. 
Print 8 row. 


Transfer |’s to cores. 
Punch 0 row. 


Transfer 6’s to cores. 
Print 7 row. 


Transfer 2’s to cores. 
Punch | row. 


Transfer 5’s to cores. 
Print 6 row. 


Transfer 3’s to cores. 
Punch 2 row. 


Transfer 4’s to cores. 
Print 5 row. 


Transfer 4’s to cores. 
Punch 3 row. 


Transfer 3’s to cores. 
Print 4 row. 


Transfer 5’s to cores. 
Punch 4 row. 


Transfer 2’s to cores. 
Print 3 row. 


Transfer 6’s to cores. 
Punch 5 row. 


Transfer 1’s to cores. 
Print 2 row. 


Transfer 7’s to cores. 
Punch 6 row. 


Transfer 0’s to cores. 
Print 1 row. 


Transfer 8’s to cores. 
Punch 7 row. 


Transfer 11’s to cores. 
Print 0 row. 


Transfer 9’s to cores. 
Punch 8 row. 


Transfer 12’s to cores. 
Print 11 row. 


*The output Core Shift Register is comprised of 120 magnetic cores that are connected to the 120 FROM CARDATRON hubs on the plug- 
board panel of a line printer; or, 80 of the cores are connected to the 80 FROM CARDATRON hubs on the plugboard panel of a card 
punch, If the Output Unit is connected to a punch, cores numbered 1 through 80 in the Core Shift Register will have been cable-connected 
to the punch. 
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3. When the row counter setting and the comparison 
toggles do not agree, the Core Shift Register is 
shifted one place to the right without setting the in- 
put position, except when the editing control stream 
digit is a 3. In the latter case, the effect is as de- 
scribed in 2. 


Thus, for each row counter setting the information band 
is seannee roe pit pane ars in value to the row 


vette to ei dag rns suretion 


: the contigui avuion of such 
aie in ‘hs cation bead is represented by the set 
positions in the Core Shift Register, with the exception of 
digits that have been deleted. At this time a digit impulse 
is emitted from the card-handling machine. The purpose 
of this impulse is to so synchronize the Output Unit and 
the card-handling machine that information corresponding 
to the set positions of the Core Shift Register can be 
transferred io the card-handling machine. The value of 
this information is determined by the digit time of the 
card-handling machine’s cycle during which this transfer 
occurs. 


Each position in the Core Shift Register is connected to 
and thereby controls, by means of control panel wiring. 
the energizing of a corresponding punch or print magnet 
in the card-handling machine. If the machine is a punch, 
all the positions in the card that are to be punched in a 
given row will be punched at the time the information in 


the cores is transferred. 


If the card-handling machine is a printer, each of the bits 
of information in the Core Shift Register sets the corre- 
snonding tyne wheel each time the digit nulse is emitted. 
CET Nei t t pee Tian ge ae Eee ee oS ep eee le ee NG ee a 

When all of the information has been transferred from the 
information band, the line printer will print one line. 


DESIGNATION OF FORMAT BANDS 


Each of the five format bands on the buffer of an Output 
Unit is identified uniquely by one of the digits from 1 to 
5. No special format bands are used by the Output Unit. 
All of the format bands are under program control; that 
is, the entire contents of a designated format band may be 
changed by executing a CARD WRITE, FORMAT LOAD 


instruction. 


FORMAT BAND SELECTION 


The desired format band is designated by a digit in the 
CARD WRITE or CARD WRITE, FORMAT LOAD in- 


struction. 


INSTRUCTIONS 
CARD WRITE (CWR) is an instruction that transfers up 


to 28 words from sequentially addressed storage locations 
in the Data Processor to the information band of a desig- 
nated Output Unit. The instruction also designates the 
format band whose contents are to edit the information 
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transferred. In addition. it must be specified whether the 
Suppress-12 mode is elected (see page 6-25). The first 
digits transferred are taken from the storage location 
specified by the address part of the CARD WRITE in- 
struction. The remaining digits are taken from storage 
locations in order of sequentially descending addresses. 


CARD WRITE. FORMAT LOAD (CWF) is an instruc- 


tion that provides the ability to load the editing control 
stream dicits ont the buffer drum Outout TIlngt Tt 


SEAU GAA Lede UE the purer aGrum Mieyue Waitt. 2b 


nf aon 


ray 
AL Us clas 


transfers 319 digits, stored in 29 consecutively addressed 
storage locations. to the designated format band of a des- 
ignated Output Unit. The contents of the location speci- 
fied by the address part of the CARD WRITE, FORMAT 
LOAD instruction will occupy the first 11 digit positions 
on the format band. Suppose the instructions were CWF 
1249. Then (1249:01) goes to format-band digit position 
1; (1249:91) goes to format-band digit position 2; 

and (1249:+1) goes to format-band digit position ‘Ll. 
The word in location 1248 will occupy founiat band digit 
positions 12 through 22. And so forth. Finally, (1221:09) 
will occupy the last nine digit positions. on the format 


band. 
CARD WRITE INTERROGATE, BRANCH (CWI) is an 


instruction that permits the program to determine if a 
designated Output Unit is ready to be used. If the unit 
queried is ready, control is transferred, that is, the con- 
tents of the P register are replaced by the address part of 


the CWI instruction; otherwise, control continues in 
sequence. 
MERE AW! CARRE e~ Er Pel OPP ee TAO MmMeezaaAwWwmA BILE 
FUNULIIONS UF UUIPUL FURNMAI-BAND 
DIGITS 


Processed material passes through the two output phases 
under control of an editing control stream, just as it must 
during input. There are, however, basic differences be- 
tween the activities of the input and output editing control 
streams; a proper understanding of the functions of the 
output format bands must necessarily include an under- 
standing of the separate digits which comprise them. It is 
the purpose of this section to describe and exemplify (see 
Figure 6-4), the functions of these digits. 


INSERT BLANK DIGIT (0) 


The primary function of the 0 digit is the insertion of a 
blank in a portion of a card column. A single 0 will ac- 
commodate either the numeric or the zone portion of the 
column; to insert an entire blank column in the output 
card, or a blank print position, the digit pair 00 must be 
entered in the corresponding format-band digit positions. 
Assume, for example, that a Data Processor word contains 
digits for the alphabetic characters A, B, C, D and E, and 
the program calls for a printout of this particular word 
with blank print positions following the second and fourth 
characters: 
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ooaronermes] [a] [9] ] 


Format-band digits 


Printed line 


* b = Blank column 


The numeric characters in the Data Processor word were 
transferred by the digit pair 11, and translated into their 
alphabetic equivalents by the line printer. The digit pairs 
00-forced the blank spaces between B and C, and D and E. 


TRANSFER-ALPHANUMERIC DIGIT (1) 


The format digit 1 will transfer either the numeric or zone 
portion of a card column of alphabetic information. The 
transfer of an entire card column, then, must be effected 
by the use of the digit pair 11, since alphabetic characters 
are represented in Data Processor code by the decimal 
digit pairs 41, 42, and so forth. The right-hand format 
digit 1 causes the digit in the corresponding position on 
the information band to be transferred with numeric in- 
terpretation; the next digit of the transfer pair is given 
zone interpretation. If the format digit pair 01 is used to 
edit a given card column, only the numeric portion of 
that column will be transferred; the position on the in- 
formation band corresponding to the zone portion will re- 
main blank. If the transfer pair 10 is used, only the zone 
portion will be transferred, and the numeric portion will 


remain blank. 
oe 
01] 11 


10 
3] A 

Format digit 2 will transfer a single numeric character 
from core storage to its corresponding position on the in- 
formation band. This digit will, by itself, accommodate 
the information at both zone and numeric time and will 
effect the complete transfer of any numeric digit from 0 
through 9. A 2 will not transfer decimal-digit pairs or 
alphabetic characters, this can be achieved only under 
control of the digit pair 11; note, however, that a 0 is 
regarded as any other decimal digit and can be trans- 
ferred only by a 2, and not by a format digit 0 as is the 
case on input. For example, if a printout of a word con- 


‘taining both alphabetic and numeric information is de- 
sired: 


Format-band digits 


Printed line or punched column 


Punch 11 


(over punch) 


TRANSFER NUMERIC DIGIT (2) 
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Data Processor 
word 7 


Format-band TE 2 or 2 eo | 2F 2 
Bi} Ci5 1/7/1914 {0 ]3 


digits 
* Format digit 2 will translate a 0 as a 0 to both the punch and 
the printer. The digits 01, however, will translate a 0 as a blank. 


Printed line 


DELETE DIGIT (3) 


The format digit 3 will delete the digit in the correspond- 
ing position in the Data Processor word. A single 3 will 
delete a single Data Processor digit and has no effect on 
the print position or on the punched-card column. It will 
not, however, delete such information as alphabetic char- 
acters or pairs of decimal digits both of which would 
occupy a single card column. To effect such a deletion, 
the digit pair 33 must be used in the format band. The 
following example illustrates the use of the delete digit. 


eee ee eee 


1/4 ;,9]2 |41 |44| 3] 710 
2/3 },2]2 [33 |33] 2) 213 
1 9|2 oa is 


* In the actual printout, this line will appear as: 1 9 2 3 7; the 
delete digit does not leave spaces in the printed line. 


Data Processor 
word 


Format-band 
digits 


Printed line* 


The desired numeric characters are transferred by the 
format digit 2. The digits 4 and 0 in the Data Processor 
word are deleted by the corresponding 3’s in the format 
band; the digit pairs 41 and 44 in the Data Processor 
word are deleted by the format digit pairs 33. 


THE EXECUTE PHASE 


The remainder of the CARDATRON System chapter will 
be devoted to a discussion of the Execute Phase of the 


CARDATRON instructions. 


CARD READ (CRD) 
Operation Code. 60 


+1234567890 
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Instruction Format. 


Definitions. 


u: designates Input Unit. 
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digit of the active segment. 


Figure 6-4. Format-Band Coding Form (Output). 


BAND No: 5 = TITLE:.& / OUTPUT REMARKS: 


UNIT NO: 3 ROUTINE: 


INPUT: 


_._—s copeR: BAVER- REITME VER 


OUTPUT: _~_ DATE: 


INPUT: 


FORMAT BAND CORE REGISTER INFORMATION D, IB REGISTERS 
piGits EDITING FUNCTION SHIFTS TRANSFER SHIFT 


INSERT 0 NO NO YES 


TRANSFER DIGIT YES 
INSERT 2 NO NO YES 
DELETE DIGIT NO NO 


FORMAT 
BAND DIGITS EDITED RESULTS IN WORD 


TYPE OF CARD 
COLUMN 


ALPHABETIC OR 


1 | TRANSLATED INTO TWO-DIGIT CODE. 
SPECIAL CHARACTER 33 | CHARACTER DELETED. 
N 31 TRANSLATED INTO SINGLE DIGIT. 
A 11 TRANSLATED INTO TWO-DIGIT CODE; 
NUMERIC DIGIT PRECEDED BY INSERTED B. 
D 33 | DIGIT DELETED. 
A rf | TRANSLATED AS 00. 
BLANK | 
D 33 COLUMN DELETED. 
0 | 0 INSERTED; NO EFFECT ON CARD CONTENTS. 
NONE 
2 | 2 INSERTED; NO EFFECT ON CARD CONTENTS. 


NOTES: 


1, 


Always start the active segment of the editing control stream in digit position 1 on the format band. 


2. The inactive segment follows the active segment and contains 3’s, except as noted below. 

3. Eleven 0’s are needed following the active segment to shift the last word out of the D register and Into 
storage. These 0’s may appear anywhere in the Inactive segment (usually they should occupy digit posi- 
tions 309 through 319). 

OUTPUT: 
FORMAT BAND D, 1B REGISTERS INFORMATION CORE REGISTER 
DIGITS SOTING TUNCTION SHIFT TRANSFER SHIFTS 
INSERT BLANK NO YES 
TRANSFER ALPHA YES YES 
TRANSFER NUMERIC YES YES 
DELETE DIGIT NO 
TYPE OF OUTPUT eatin othe ' PUNCHED OR PRINTED RESULTS 
ALPHABETIC OR: lA "1 'TWO-DIGIT CODE TRANSLATED AS 
\ | ALPHABETIC OR SPECIAL CHARACTER. 
SPECIAL CHARACTER ; i TWO DIGITS DELETED. : 
ONE DIGIT TRANSLATED NUMERICALLY. 
NUMERIC ' 1 THROUGH 9 TRANSLATED NUMERICALLY; 
/ 0 TRANSLATED AS BLANK. 
OVERPUNCH SIGN WITH NO DIGIT UNDERPUNCH, 
, OVERPUNCH SIGN WITH DIGIT UNDERPUNCH. 
| ONE DIGIT DELETED. 
| BLANK COLUMN PRODUCED. 

NOTES: 

1, Always start the active segment of the editing control stream with digit position 1 corresponding to the 
numeric part of column 120. Always write a format band as if the output contained 120 printing or punch. 
Ing positions. 

2. The inactive segment follows the active segment and contains 3's. 

3. The editing control stream digit pair 01 does not always produce the same effect as the digit 2. 


v: variation designator: 
v = 0: Input control words will be recognized as 
such. 


v = 1: Input control words will not be recog- 
nized as such. 


r r = 8: designated input will be B-register ad- 
dress-modified. 
r = 6: no B-regisier address-modification of in- 
put. 


r = 9: designated input will be B-register ad- 
dress-modified; Reload Lockout will be 


imposed. 


r = 1: no B-register address-modification of in- 
put; Reload Lockout will be imposed. 


aaaa: address of base of location into which is written 
first word transferred from the information band. 
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Description of Operation. Transfer the contents of the in- 
formation band from Input Unit u to core storage. The 
first 11 digits transferred from the information band are 
stored in location B[aaaa]; the next 11 digits transferred 
are stored in location B[aaaa] — 1; the next 11 digits 
transferred are stored in location B[aaaa] — 2; and so 
forth. Therefore, the card fields from right to left are in 
core storage locations in ascending order. The editing 
conirol stream used io edit the contents of the informa- 
tion band is the one on the format band which was se- 
lected by the card whose contents are on the information 


band. 


If r = 1 or 9, Reload Lockout will be imposed, that is, 
the transfer to the information band of the contents of 
the next card in the card reader will be inhibited. 


If r = 0 or 8, Reload Lockout will be released, if it had 
been imposed. 


Table 6-3. CARDATRON input sign control 


Sensed| (rC:41) | (rC:31) 


rIB This is a control word: terminate the transfer of information from the information 
band; release the Input Unit to read the next card; enter the Fetch Phase at 
connector P (see page 2-4 ). The control word is then treated as an instruction 
(because the sign digit is even, there will be no B-register address-modification) . 


Except that’ B-register address-modification will occur during the Fetch Phase — 


because the sign digit is odd — the effect is the same as that when the sign digit 


0 rD Any |; Any None. (Sign digit stored as 0.) 
1 rD Any | Any | None. (Sign digit stored as 1.) 
2 rD Any | Any None. (Sign digit stored as 2.) 
3 rD Any | Any None. (Sign digit stored as 3.) 
4 rD Any | Any None. (Sign digit stored as 4.) 
5 rD Any | Any None. (Sign digit stored as 5.) 
ij rIB 
is 6 and v = 0. 
D 
: “i 3 Any None. (Sign digit stored as 8.) 
8, 9 Any 

9 rD 


A : Any None. (Sign digit stored as 9.) 
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If Reload Lockout was imposed by the card whose con- 
tents are being transferred by this CRD instruction, the 
execution of this CRD instruction will set Reload Lock- 
out. (See page 6-6.) The contents of the card following 
the one which imposed Reload Lockout will not be auto- 
matically transferred to the information band after com- 
pletion of this CRD instruction. Another CARDATRON 
cycle—the execution of either a CRD or CRF instruction 
—-is required to release Reload Lockout. 


Input sign-control is effected as described in Table 6-3. 


Flow Chart. 


CLEAR rE, riB. 


(rC:04) = Blaaaa] —e rE. 


(rD) —» rCD. 
CLEAR 1D. 


(THE CARDATRON “CLOCK” NOW 
PROVIDES PULSES FOR DATA 
PROCESSOR OPERATION, TOO.) 


CARDATRON ALARM STOF 
(NO FORMAT OR NON- 
EXISTENT INPUT UNIT) 


SHIFT (rD) ONE PLACE 
RIGHT. n 


NEXT DIGIT FROM TIMES 
INFORMATION BAND 
ae 1D: 1. 


(rC:41)/8 = 1 
(rD:+1)/8 = 1 


(rD:01) —»ADDER SET (rD:1)/8 = 0. 

(ADDER) =» riB:61 (:0-01) > ADDER 
D:51 1B: 1 rb: 

et (rD:51)—o riB: 1 

SHIFT (rD) AND (riB) 


ONE PLACE RIGHT. 


NEXT DIGIT FROM 
INFORMATION BAND 
—D:1. 


SHIFT (rD) AND (riB) 
ONE PLACE RIGHT. 


NEXT DIGIT FROM 
INFORMATION BAND 
—erD:1. 


(riB: + 1)/4 
(rB: + 1)/2 
(rC:31)/1 = 0 


1 
1 


= (ADDER) + (rB:01) 
—> rlB:61 
(rD:01)—> ADDER 
(rD:51) —p lB: 1 
SHIFT (rD) AND (rlB) 
ONE PLACE RIGHT. 4 
SHIFT AND CIRCULATE = TIMES 
(rB) ONE PLACE RIGHT. 
NEXT DIGIT FROM 


INFORMATION BAND 
—~rD:£1. 


SET UP TO 
( ) ENTER FETCH 
PHASE. 


TERMINATE THE 
(_) TRANSFER OF 
INFORMATION. 


TURN OFF CARRY 
INDICATOR. 


(rD:01) -» ADDER 
(ADDER) =» rlB:61 
(rD:51) —~> iB: 1 


SHIFT (rD) AND (riB) 
ONE PLACE RIGHT. 


NEXT DIGIT FROM 
INFORMATION BAND 
—~rD:+1. 
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(>) SHIFT (rD) ONE 

PLACE RIGHT. 
NEXT DIGIT FROM 5 
INFORMATION BAND TIMES 


—~rD: +1. 


(IB) =~ [(rE)} 
(rE) — le rE 
CLEAR riB 


STORAGE 
ALARM STOP 


CARDATRON 
OPERATION 
COMPLETE 


() OPERATION COMPLETE 


Exceptional Conditions. 


1. 


Storage ALARM STOP due to use of a nonexistent 
address. (See Remark 8.) 


CARDATRON ALARM STOP due to designating a 


nonexistent input unit. 


3. Digit Check ALARM STOP. (See Remark 9.) 

4. No Format ALARM STOP on Input Unit control 
panel. 

Remarks. 

l. r = 3, 5, or 7 has the same effect asr = 1; r = 2, 
4, or 6 has the same effect as r = 0. 

2. v = 2, 4, 6, or 8 has the same effect as v = 0; 
v = 3, 5, 7, or 9 has the same effect as v = 1. 

3. The inactive segment of a format band must con- 


tain eleven 0’s. (Usually these 0’s will occupy for- 
mat-band digit positions 309 through 319.) If the 
inactive segment does not contain these eleven 0’s, 
the last word transferred from the information band 
will not be written in core storage: it will be lost to 
the program. 


. If Reload Lockout is imposed, it is done by selecting 


format band 8. Format band 8 must be selected in 
conjunction with the selection of some other format 
band: if it is not, a No Format ALARM STOP will 


occur on the Input Unit control panel. 


. Once Reload Lockout is imposed, it can be removed 


only by specification in a CRD or CRF instruction: 
removal of Reload Lockout is achieved by making r 
an even digit. 


. At the beginning of the Execute Phase of a CRD in- 


struction B[aaaa] = (rC:04) is transferred to the 
E register. The address of the core storage location 
into which will be written each successive word 
transferred from the information band is obtained 
by decreasing by 1 the contents of the E register 
after each word is stored. 
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Contents of numeric part of card column 
stored in digit position 


3 4 5 6 7 
74, 
63 
| 52 

1010 37 38 39 40 4] 42 43 44 45 46 A7 
1009 | 26 27 28 29 30 31 32 33 34 39 36 
1008 15 16 17 18 19 20 21 22 23 24 25 
1007 4 5) 6 7 8 9 10 11 12 13 14 
1O0G*, WW. hata eleta eects 3 inserted 075 .......2...2-.2:.::---ceeceeeee eee: 1 2 3 
TOOSs ee See het reece UNISCVLGC (OY Sissies cette) cee he ee ete ces as Be tise att et 
PO04 lice et Aas teed TNGERLCU OS ecg eds SRR Ite ad Sahl Siege Tse Bit ace Dae en 
TOS. ade ee eee ce cae inserted 0’s 


A sdaristhe Sister inserted 0’s 


Eapisine as loins need cient aca wiserted (0S. < ces: Sp ockineeate a en at het are ae age 


Since the E register counts modulo the size of storage, 
care must be exercised in the choice of Bjaaaa]. For 
example, suppose the Data Processor has 4000 words of 
core storage; suppose also that B[aaaa] is chosen so that 
some word is transferred to location 0000. After this word 
is stored, 1 will be subtracted from 0000, the contents of 
the E register, modulo 4000. The E register will then con- 
tain 3999. 


7. The selection of numeric format, format band 6, al- 
lows a maximum of 13 numeric words to be trans- 
ferred from the information band to core storage 
when the next CRD instruction is executed: all over- 
punches will be deleted. 


Suppose, for example, that the instruction is 0 1000 CRD 
1013; suppose also that the control panel is wired 80-80. 
The execution of the specified CRD instruction will load 
storage as displayed in the table above: 


If it is desired to prevent the insertion of zeros as shown 
above, it is necessary to supply the card with a word hav- 
ing a 6 or 7 in the sign-digit position. Suppose, for ex- 


ample, that it is desired to transfer only four words from 
a card which has selected numeric format; suppose also 
that the control panel is wired 80-80. Then these four 
words must occupy the fields comprised of columns 
70—80, 59—69, 48—58, 37—47, inclusive. The field com- 
prised of columns 26—36, inclusive, must be an instruc- 
tion, and must have a 6 or 7 in the sign-digit position 
(column 26). Let the CRD instruction be as specified 
above. The execution of that instruction will load storage 
as displayed below: 

8. Once the transfer of information from the informa- 
tion band to the Data Processor has begun, it can 
terminate only when all of the information has been 
transferred to the D register. Examination of the 
flow chart will disclose that the information transfer 
is already under way when a Storage ALARM STOP 
can occur (it occurs before the first word is written 
in core storage). Hence, none of the words will be 
stored; in other words, the information is “lost,” 
that is, the card whose contents were on the infor- 
mation band must be re-read. 


Contents of numeric part of card column 
stored in digit position 


4 5 


No other locations in storage will be affected. 
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9. A Digit Check ALARM STOP can occur after the 
execution of a CRD instruction only as a’ result of 
detecting the impermissible configuration when the 
attempt is made to shift the digit out of rD:01. Ex- 
amination of the flow chart will disclose that it is 
possible to write in core storage a word with an 
impermissible configuration in some digit position. 
This can happen because: 


a. The contents of the D register are transferred to 
the IB register in two parts, the high-order part 
of the word being split off with rD:51. Hence, if 
the impermissible configuration first occurs in 
any digit position in rD:56 before the transfer to 
rIB - (rD) is begun, it will be transferred to 


rIB; and 


. Since the contents of the IB register are trans- 
ferred to storage in parallel, no check is made in 
rIB for the impermissible configuration. 


Further examination of the flow chart discloses that the 
contents of the D register are shifted to the right as each 
additional digit is transferred from the information band 
to the D register. Some digits are transferred to rD— 
whose contents are shifted to the right as each digit is en- 
tered in rD:+1—while the word in rIB is being written 
in storage: the transfer to storage is completed before the 
D register is completely filled with the next word from 
the information band. 


Again it should be noted that once the transfer of infor- 
mation to the Data Processor has begun, it can terminate 
only when all of the information has been transferred to 
rD. Thus, digits from the information band will “pile up” 
in rD:+1 immediately after the impermissible configura- 
tion is detected. In no case can the ALARM STOP be pre- 


vented from occurring. In any event: 


a. It is not possible to predict with certainty what will 
be in the D register; 


. The card whose contents were on the information 
band must be re-read; and 


c. The E register will provide a clue to the location in 
storage of the word with the impermissible config- 
uration. Suppose the word is in aaaa: then (rE) = 
aaaa — l. 


Register Status. 


Register Contents after execution 
name of CRD 


Unchanged 


Unchanged 


* 


Unchanged 
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(rP), +:1 


oT [e160] Bip 


Address of last location filled — 1 


Register Contents if Storage 
name ALARM STOP occurs 


Unchanged 
Unchanged 


* 


Unchanged 
(rP), + 1 


eT TyTr [60] Blpaagl 


B[aaaa | 


* (rD:67) = 0000000; (rD:04) are the four high-order digits of 
the last word transferred from the buffer. 


Register Contents if No Format or 
name CARDATRON ALARM STOP occurs 


Unchanged 
Unchanged 
Cleared 


Unchanged 
(rP), ae | 


ole Te ]6, 0] Breseal 


B[aaaa ] 


Register Contents if Digit Check 
name ALARM STOP occurs 


Unchanged 


Unchanged 


ue 


Unchanged 
(rP), + 1 


eT [6 0T Blgeaal 


Address of last location filled — 1 


** Depends on when the impermissible configuration is detected. 
See flow chart. 


CARD WRITE (CWR) 
Operation Code. 61 


+12345678 9 0 


[=u fife] £0, pla aaa 


Instruction Format. 


Definitions. 
u: designates Output Unit. 
c: specifies which of the T RELAYS is/are selected 
for additional control of the line printer. 
f: specifies which format band is used to edit the 
output; in addition, if 
fiseven: the Suppress-12 mode of printing or 
punching is selected. 
fisodd: the Suppress-12 mode is not selected. 
aaaa: address of base of location from which is taken 


the first digit transferred to the information band. 


Description of Operation. Transfer to the information 
band of Output Unit u the contents of up to 28 core stor- 
age locations as follows: 
transferred first; (B[aaaa] — 1) are transferred next; 
... 3 (B[aaaa] — 27) are transferred last. The number 
of digits transferred is determined by the editing control 


stream on the format band which is specified by f. 


hx Binseees 2 f Dieened onc 
tné contenis o1 Dp, aaaaj; are 


The format band whose contents are used to edit the in- 
formation transferred to the information band is specified 
in the table below: 


Format 
Band 


Suppress-12 
Mode ? 


an fF Bb wwoNnr OS 


Oo Onan &® wn | © 


The Suppress-12 mode has to do with overpunching the 
sign digits of numeric words, that is, words whose signs 
are either 0 or 1, in accordance with either of the two 
conventions for overpunching signs. The Suppress-12 
mode also has to do with printing the sign digits of 
numeric words (in the tables below it is assumed that the 
printer is a 407 with Type A print wheels). 
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Two cases need to be considered: 


Case 1: the sign digit is translated by the editing control 
stream digit pair 10. In this case the sign digit occupies a 
column or print position by itself. 


Suppress-12 
Mode ? 


Case 2: the digit preceding the sign digit and the sign 
digit are translated by the editing control stream digit 
pair 11. In this case the sign digit shares a column or 
print position with the digit which precedes it. 


Suppress-12 


a. The digit preceding the sign digit. 


. The alphabetic character whose code is 11—n, where 
n is the digit preceding the sign digit. 


. The alphabetic character whose eode is 12—n, where 
n is the digit preceding the sign digit. 


The digit c is used to transfer the T RELAYS whose 
points are available on the control panel of the printer 
(see the Handbook of Operating Procedures for the BUR- 
ROUGHS 220). After the edited contents of the informa- 
tion band have been transferred to the printer, all of the 
relays will have been returned to their normal (N) posi- 
tion: they are returned to normal just prior to the trans- 
fer from the Core Shift Register of the last row of infor- 
mation. The selection of relays specified by c is shown in 
the following table: 

Selected 


0 
1 
2 
3 
4 
) 
6 
7 
8 
9 
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As soon as the transfer of information from core storage 
to the information band is completed, the Output Unit 
automatically directs the transfer of the contents of the 


information band to the card-handling machine. 


Flow Chart. 


() CLEAR rE, riB. 


(rC:04) rE, 


(rD) —>rcD. 
CLEAR rD. 


(THE CARDATRON “CLOCK” NOW 
PROVIDES PULSES FOR DATA 
PROCESSOR OPERATION, TOO.) 


CARDATRON 
ALARM STOP 


STORAGE 


ALARM STOP (Blaaaa]} )——riB 


() CLEAR ADDER 


(ADDER) INFORMATION 
BAND. 


(r1B:01) ADDER 
(1B:41)——erD:51 


SHIFT (rIB) ONE PLACE 
RIGHT. 


SHIFT (FD) ONE PLACE 
RIGHT. 


5 
TIMES 


(ADDER) INFORMATION 
BAND. 


(r1B:01)—=ADDER 
CLEAR rlB 
(rE) — 1—rE 


C)  [(rE)] —oriB. 
(ADDER) INFORMATION 
BAND. 

(rD:01) —®ADDER 


SHIFT (rD) ONE PLACE 
RIGHT. 


5 
TIMES 


CLEAR rD. 


CARDATRON 
OPERATION 
COMPLETE 


() OPERATION COMPLETE 


Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 


address. (See Remark 2.) 


2. CARDATRON ALARM STOP due to designating a 


nonexistent output unit. 


3. Digit Check ALARM STOP. (See Remark 3.) 


Remarks 


1. At the beginning of the Execute Phase of a CWR 
instruction B[aaaa|] = (rC:04) is transferred to the 
E register. The address of the core storage location 
from which is read each successive word transferred 
to the information band is obtained by decreasing 
by 1 the contents of the E register after each word 
is read. 


Since the E register counts modulo the size of stor- 
age, care must be exercised in the choice of B[aaaa]. 
For example, suppose the Data Processor has 4000 
words of core storage; suppose also the B[aaaa] 
< 0028: hence, some word will be read from loca- 
tion 0000. After this word is read, 1 will be sub- 
tracted from 0000, the contents of the E register, 
modulo 4000. The E register will then contain 3999. 


2. Examination of the flow chart will disclose that con- 


trol is vested in the CARDATRON Unit—by virtue 
of the fact that the CARDATRON “clock” is pro- 
viding pulses for Data Processor operation, too— 
when a nonexistent address is detected. The detec- 
tion of the nonexistent address inhibits the transfer 
of any information in the Data Processor. But the 
CARDATRON Unit must complete its cycle of op- 
eration, even through no information is transferred 
from the Data Processor to the buffer. The ALARM 
STOP will occur after Part 1 of the CARDATRON 
cycle is completed. Part 2 of the CARDATRON cycle 


will also occur: 


a. If the Output Unit is connected to a punch, a 
card will be fed. The card will contain a mixture 
of blank columns and 0-punches, the configura- 
tion being determined by the contents of the for- 
mat band selected by the CWR instruction. 


b. If the Output Unit is connected to a printer, a 
blank line will be produced. 


3. The detection of an impermissible configuration oc- 


curs when (rIB:01) and (rD:01) are shifted to the 
right. Such an event can occur only after control is 
vested in the CARDATRON Unit (see the flow 
chart). The detection of the impermissible config- 
uration immediately stops the transfer of informa- 
tion within the Data Processor, and from the Data 
Processor to the buffer. But the CARDATRON Unit 
must complete its cycle of operation, even though 
no more information is transferred to it. The Digit 
Check ALARM STOP will occur after Part 1 of the 
CARDATRON cycle is completed. Part 2 of the 
CARDATRON cycle will also occur. The nature of 
the output depends both on the editing control 
stream and on how much information was trans- 
ferred from the Data Processor to the buffer. 


Register Status. 


Register Contents after 
name execution of CWR 


Unchanged 
Unchanged 


Cleared 


Unchanged 


(rP), ae 1 


eT PTET Breall 


B[aaaa] — 28 


Register Contents if Digit Check 
name ALARM STOP occurs 
Unchanged 
| R Unchanged | 
| D | * | 
B Unchanged 
Pp (rP), + 1 
i CCA 
E * 


* Depends on when the impermissible configuration is detected. 
See flow chart. 


Contents if Storage or 
CARDATRON ALARM STOP occurs 


Register 
name 


A Unchanged 
Unchanged 


Cleared 


Unchanged 
(rP), I | 


eT TTS TT ees 


B[aaaa | 


CARD READ, FORMAT LOAD (CRF) 


Operation Code. 62 


Instruction Format. 
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Definitions. 

u: designates Input Unit. 

f: specifies which format band will be written. If f is 
odd, Reload Lockout is imposed. 

aaaa: address of base of location from which is read the 


first word transferred to the format band speci- 


fied by f. 


Description of Operation. Transfer to the format band 
specified by f—Input Unit u—the contents of 29 core 
storage locations as follows: the contents of B[aaaa] oc- 
cupy format-band digit positions 1 through 11; (B[aaaa] 
— 1) occupy positions 12 through 22:... ; (B[aaaa] 
— 27) occupy positions 298 through 308; (B[aaaa] — 
28) occupy positions 309 through 319. 


The selection of the format band on which the editing 
control stream is written and the imposition or release of 
Reload Lockout are accomplished as described in the 
table below: 


Format Reload 
Band Lockout 


| 


| | Released | 
Imposed 
Released 
Imposed 
Released 
Imposed 
Released 


Imposed 
Released 


oO wWmnnNn nan ON FPF WwW NH HH OS 
an ee S&F WwW WwW NO HN RS eH 


Imposed 


Flow Chart. See page 6-28. 


Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 
~ address (See Remark 3.) 


2. CARDATRON ALARM STOP due to designating a 


nonexistent input unit. 


3. Digit Check ALARM STOP. (See Remark 4.) 


Remarks. 


1. A format-band digit position contains only two bits. 
Hence, a format-band digit may be only one of 0, 
1, 2, or 3. If an attempt is made to write as a for- 
mat-band digit some decimal digit greater than or 


equal to 4, the 4-bit or the 8-bit will be dropped 
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resulting in the transfer of the setting of the 1-bit 
and/or the 2-bit when that decimal digit is trans- 
ferred to the selected format band. For example: a 
4 or 8 would be transferred as 0, a 5 or 9 as 1, etc. 


2. At the beginning of the Execute Phase of a CRF 
instruction B[aaaa] = (rC:04) is transferred to 
the E register. The address of the core storage loca- 
tion from which is read each successive word trans- 
ferred to the format band is obtained by decreasing 
by 1 the contents of the E register after each word 
is read. 


Since the E register counts modulo the size of storage, 
care must be exercised in the choice of B[aaaa]. For 
example, suppose the Data Processor has 4000 words of 
core storage; suppose also that B[aaaa] < 0028; then 
some word will be read from location 0000. After this 
word is read, 1 will be subtracted from 0000, the contents 
of the E register, modulo 4000. The E register will then 
contain 3999, 


3. Examination of the flow chart will disclose that con- 
trol is vested in the CARDATRON Unit—by virtue 
of the fact that the CARDATRON “clock” is pro- 
viding pulses for Data Processor operation, too— 
when a nonexistent address is detected. The detec- 
tion of the nonexister.t address inhibits the transfer 
of information in the Data Processor. But the CAR- 
DATRON Unit must complete its cycle of operation, 
even though no information is transferred from the 
Data Processor to the buffer. 


The ALARM STOP will occur after the CARDATRON 
cycle is completed. It will appear that the designated for- 
mat band had all 0’s written on it. 


4. The detection of an impermissible configuration oc- 
curs when (rIB:01) and (rD:01) are shifted to the 
right. Such an event can occur only after control is 
vested in the CARDATRON Unit (see the flow 
chart). The detection of the impermissible config- 
uration immediately stops the transfer of informa- 
tion within the Data Processor, and from the Data 
Processor to the buffer. But the CARDATRON Unit 
must complete its cycle of operation, even though no 
more information is transferred to it. 


The Digit Check ALARM STOP will occur after the 
CARDATRON cycle is completed. It will appear that the 
designated format band contains 0’s following the last 
digit transferred from the Data Processor. 
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() CLEAR rE, rIB. 
() (rC:04) wr E. 


(rD) —* rCD. 
CLEAR rD. 


CARDATRON (THE CARDATRON “CLOCK” NOW 

ALARM STOP. PROVIDES PULSES FOR DATA 
PROCESSOR OPERATION, TOO.) 

STORAGE 

ALARM STOP. (B{aaaa]}) —»r iB. 


(_) CLEAR ADDER 


(_) (ADDER) —*FORMAT BAND 
(rIB:01) ADDER 5 
(r1B:41) —rD:51 TIMES 


SHIFT (rlB) ONE PLACE 
RIGHT. 


(_) SHIFT (rD) ONE PLACE 
RIGHT. 


(_) (ADDER)—»FORMAT BAND 
(rIB:01) ADDER 

CLEAR riB 

(rE) — 1 mre 


C) [(rE)) —>riB 


() (ADDER)—»FORMAT BAND 
(rD:01) —» ADDER 


5 
SHIFT (rD} ONE PLACE TIMES 
RIGHT. 


CARDATRON 
OPERATION 
COMPLETE 


() OPERATION COMPLETE 


Register Status. 


Register Contents after 
name execution of CRF 


Unchanged 
Unchanged 
Cleared 


Unchanged 


(rP), + 1 


oT TSF | Biagl 


B[aaaa] — 29 


Register Contents if Digit Check 
name ALARM STOP occurs 


| A Unchanged 
R Unchanged 
D # 

B | Unchanged | 
P (rP), + 1 
c ee TTS 2] Baal 
E 


* Depends on when the impermissible configuration is detected. 
See flow chart. 


Register Contents if Storage or 
name CARDATRON ALARM STOP occurs 
Unchanged 
| R Unchanged | 
D Cleared 
B Unchanged 
P (rP), + 1 
C 


| E | B[aaaa | | 


CARD WRITE, FORMAT LOAD (CWF) 


Operation Code. 63 


+1234567890 


[eli Tt]0;p[a, eae 


Instruction Format. 


Definitions. 

u: designates Output Unit. 

f: specifies which format band will be written. 
aaaa: address of base of location from which is read the 


first word transferred to the format band speci- — 


fied by f. 


Description of Operation. Transfer to the format band 
specified by f—on Output Unit u—the contents of 29 
core storage locations as follows: the contents of B[aaaa] 
occupy format-band digit positions 1 through 11; 
(B[aaaa] — 1) occupy positions 12 through 22; ... ; 
(B[aaaa] — 27) occupy positions 298 through 308; 
(B[aaaa] — 28:08) occupy positions 309 through 316. 
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The CARDATRON System 


The selection of the format band on which the editing 
control stream is written is accomplished as described in 
the table below: 


Flow Chart. 
| 

CLEAR rE, rlB. 

(rC:04) —rE. 

(r(D) —»rCD. 

CLEAR rD. 
CARDATRON ; (THE CARDATRON “CLOCK” NOW 
ALARM STOP. | PROVIDES PULSES FOR DATA 

PROCESSOR OPERATION, TOO.) 

STORAGE 
ALARM STOP. (Blaaaa]) —sriB 


( ) CLEAR ADDER 


(ADDER) FORMAT BAND 


(rlB:01) —sADDER 
felR:A1) ar, 51 


TIMES 


SHIFT (rlB) ONE PLACE 
RIGHT. 


SHIFT (rD) ONE PLACE 
RIGHT. 


(ADDER) =*FORMAT BAND 
(rIB:01) —s®ADDER 

CLEAR riB 

(rE) — 1 rE 


C) {(rE)] —oriB. 


(ADDER) FORMAT BAND 
(rD:01) ADDER 

SHIFT (rD) ONE PLACE 
RIGHT. 


5 
TIMES 


CLEAR rD. 
CARDATRON 


OPERATION 
COMPLETE 


( ) OPERATION COMPLETE 


The CARDATRON System 


Exceptional Conditions. 


1. Storage ALARM STOP due to use of a nonexistent 
address. (See Remark 3.) 


. CARDATRON ALARM STOP due to designating a 


nonexistent output unit. 


3. Digit Check ALARM STOP. (See Remark 4.) 


Remarks. 


1. A format-band digit position contains only two bits. 
Hence, a format-band digit may be only one of 0, 
1, 2, or 3. If an attempt is made to write as a for- 
mat-band digit some decimal digit greater than or 
equal to 4, the 4-bit or the 8-bit will be dropped 
resulting in the transfer of the setting of the 1-bit 
and/or the 2-bit when the decimal digit is trans- 
ferred to the selected format band. For example: a 
4 or 8 would be transferred as 0, a 5 or 9 as 1, etc. 


. At the beginning of the Execute Phase of a CWF 
instruction B[aaaa] = (rC:04) is transferred to the 
E register. The address of the core storage location 
from which is read each successive word transferred 
to the format band is obtained by decreasing by 1 
the contents of the E register after each word is read 
from storage. 


Since the E register counts modulo the size of storage, 
care must be exercised in the choice of B[aaaa]. For ex- 
ample, suppose the Data Processor has 4000 words of core 
storage; suppose also that B[aaaa] < 0028: then some 
word will be read from location 0000. After this word is 
read, 1 will be subtracted from 0000, the contents of the 
E register, modulo 4000. The E register will then contain 
3999, 


3. Examination of the flow chart will disclose that con- 
trol is vested in the CARDATRON Unit—by virtue 
of the fact that the CARDATRON “clock” is provid- 
ing pulses for Data Processor operation, too—when 
a nonexistent address is detected. The detection of 
the nonexistent address inhibits the transfer of in- 
formation in the Data Processor. But the CARDA- 
TRON Unit must complete its cycle, even though no 
information is transferred from the Data Processor 
to the buffer. 


The ALARM STOP will occur after the CARDATRON 
cycle is completed. It will appear that the designated 
format band had all 0’s written on it. 


4. The detection of an impermissible configuration oc- 
curs when (rIB:01) and (rD:01) are shifted to the 
right. Such an event can occur only after control is 
vested in the CARDATRON Unit (see the flow 
chart). The detection of the impermissible config- 
uration immediately stops the transfer of informa- 
tion with the Data Processor, and from the Data 
Processor to the buffer. But the CARDATRON Unit 
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must complete its cycle of operation, even though no 
more information is transferred to the buffer. 


The Digit Check ALARM STOP will occur after the 
CARDATRON cycle is completed. It will appear that the 
designated format band contains 0’s following the last 
digit transferred from the Data Processor. 


Register Status. 


Register Contents after 
name execution of CWF 


Unchanged 
Unchanged 
Cleared 


Unchanged 
(rP), + 1 


B[aaaa] — 29 


Register Contents if Digit Check 
name ALARM STOP occurs 


Unchanged 
Unchanged 


* 


Unchanged 
(rP), + 1 


ro Te, 3 | Blaaasl 


* Depends on when the impermissible configuration is detected. 
See flow chart. 


Register Contents if Storage or 
name CARDATRON ALARM STOP occurs 


Unchanged 
Unchanged 
Cleared 


Unchanged 
(rP), se | 


oT TS, 3 T Bipees 


B[aaaa | 


CARD READ INTERROGATE, BRANCH (CRI) 


Operation Code. 64 


+}H4 


12345678 9 0 
u 


(PT 10 plas8 93] 


Instruction Format. 


Definitions. 
u: designates Input Unit. 


address of base of location of alternate instruc- 
tion. 


aaaa. 


Description of Operation. If Input Unit u is ready, trans- 
fer control to B[aaaa], that is, prepare to take the next 
instruction from B[aaaa]; otherwise, control continues in 
sequence. 


Flow Chart. 
CLEAR rE, rlB. 
(rC:04) = Blaaaa] —rE. 
(rD) —» rCD 
CLEAR rD 
CARDATRON 
ALARM STOP 
INPUT UNIT 
iS READY 


(rC:04) = B[aaaa] —»rP 


OPERATION COMPLETE 


Exceptional Conditions. CARDATRON ALARM STOP 


due to designating a nonexistent input unit. 


Contents after 
execution of CRI 


Unchanged 


Register Status. 


Register 
name 


Unchanged 
Cleared 
Unchanged 


No branch: (rP), + 1 
Branch: B[aaaa] 


eT OFT Bipeosl 


B[aaaa | 
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The CARDATRON System 


Contents if CARDATRON 
ALARM STOP occurs 


Unchanged 
Unchanged 
Cleared 

Unchanged | 
(rP), + 1 


oT 16 FT Blpaapl 


B[aaaa | 


Register 
name 


FAO Vw 


CARD WRITE INTERROGATE, BRANCH (CWI) 


Operation Code. 65 


Instruction Format. 


PA te 
Definitions. 
ut designates Output Unit. 


address of base of location of alternate instruc- 
tion. 


aaaa: 


Description of Operation. If Output Unit u is ready, trans- 
fer control to B[aaaa], that is, prepare to take the next 
; otherwise, contro! continues in 


inctrnuatian fram Rlaaaal; 
RSer UCC iP Cis sp aaa 


sequence. 
Flow Chart. 
CLEAR rE, riB. 
(rC:04) = Blaaaa] rE. 
(rD) —»rCD 
CLEAR cD 
CARDATRON 
ALARM STOP 


OUTPUT UNIT 
IS READY. 


(rC:04) = Blaaaa] ——» rP. 


, OPERATION COMPLETE 


Exceptional Conditions. CARDATRON ALARM STOP 


due to designating a nonexistent output unit. 


The CARDATRON System 


Register Status. 


Register Contents if CARDATRON 
name ALARM STOP occurs 


Unchanged 
Unchanged 
Cleared 


Unchanged 


(rP), + 1 
B[aaaa] 
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Register Contents after 
name execution of CWI 


Unchanged 
Unchanged 
Cleared 
Unchanged 


No branch: (rP), + 1 
Branch: B[aaaa] 


eT 6,5 Blass] 


B[aaaa | 


A. 


+ 


HHH HEH HHH eH RHR RH RAR EH AO 


It I+ H 


Appendices 


BURROUGHS 220 INSTRUCTION LIST IN OPERATION-CODE ORDER 


Instruction 


Format 


1234 


iili 
iiii 
unnyv 
uilv 
unnv 
unni 
illi 
dnnv 
1110 
iiil 
1110 
iiil 
i110 
iiil 
1110 
iiil 
ilii 
lili 
ilii 
iili 
sLf0 
sLfl 
iili 
nnnn 
nnnn 
niiO 
niil 
niiO 
niil 
iiii 
111i 
sLnn 


sLnn 


56 


Operation 

Name . Page 
HPAL tke Raat eae ae Aid, a Sie eee hd eee heme Goats. eee 2-6 
NOVOPERATION 5 nos.c Seu Se bea wad Ow bbe eos hw ee kaye aud 2-7 
PAPER-TAPE READ wasted cating Seon a Be eae dunia eae ee o-4 
PAPER-TAPE, READ, BRANCH 6 3 eco lis dacesoaed aw 8 eae We eee 3-6 
PAPER-TAPE READ, INVERSE FORMAT ...............-+-45- 9-8 
PAPER-TAPE: WRITE: eice acecen as dcees ota oe ke es Raia tun, wal ad alos 9-9 
KEYBOARD: ADD: 22.2 i casio) ee eolewulebe set eee kee ees 3-2 
SUPERVISORY -PRINT-OUE 2300053 4944 -teet ede ba eee eases 3-2 
CLEAR ADD: ic Garull ous tw ale hee Soon eh eRe eet eee, eek 
AEE AR, ADE) Ak TSO UES | hh Sed 5d crt Se at ah Uy hrc Uelanag “at Sohn eed 
CLEAR SUBTRACT. «+ ages ek Bla we Petes ee ea See eee ES 2-8 
CLEAR SUBIMACT ABSOLUTE gece tees tee he Regie Sas 2-8 
PD os hess che 28 Oe aceice au Gn es Sa et ga Oe aa we are eae a 2-9 
ADD ABSOUUTE. 1h nwt Se cae a ce eee ee Ob Stare eee, See es 2-9 
BUBIRAGE Si crsies gee Sates geet S aianeua ts Si eine miatateh de wa aie ean gs 2-10 
SUBTRACT ABSOLU IE. 23g tree Gee See bre REG 8S Be 2-10 
MULTIPLY. c006ie oi ad nowt ale oe tee ae a oe ee eee 2-11 
DIVIDE.” 22440 642 2s 2 eos pee SOR ee ee eR oe eee ee RES 2-12 
ROUND) sci. cuegre said uesc wins a8 6 GP oire SOS RAs BA EERE SR ORT 2-13 
PXTRAGE 2h 5-cos Wa 2 het ea ee bee e Pe eee 2-14 
COMPARE-PIELD#: oncs, 2nicceaw Phe se ee owen de tay eS Oe ae ead 2-14 
COMPARE WIELD: Re ga kscec neue eat eo Oe ete eo aoe edd a Rares 2-14 
ADD TO: LOCA TION: a5 ota cate Stn ae Saws Ged See ae SS 2-16 
INCREASE. BG. BRANGH. ss 5 ates 3 510 6, ar See eee & enon Fee we ee 2-17 
DECREASE.B, BRANGH. 3 :e 0044 oh bea bot wae eit a eee sie eee 2-18 
FLOATING ADD 1:3. 6 Ob ca OEE Coe SES KS ae pate eh a 2-18 
FLOATING. ADD ABSOLUTE. 05 0 cst veh dot okey aD a wreion aes 2-18 
FLOATING SUBIRACL sc. tance oekto eve ete e eke pia wen attnges 2-20 
FLOATING SUBTRACT ABSOLUTE ........... 0... .2.0 02 ce eeee 2-20 
FLOATING: MULTIPLY: cua kiwis, Bye eke ee Ge eR ee wae Ea 2-22 
FLOATING: DIVIDE 4 coving a3 eee aticd aon eee ee EN RA ow EM Dione ieeey 2-24 
INCREASE: FIELD LOCATION ise. oti eaGe tie ie bow wn ea ek 2-26 
DECREASE FIELD LOCATION ............ 000 eee eee eee eeees 2-27 


A-1 


Appendices 


Instruction 
Format Operation 

+ 1234 56 7890 Abr Name Page 
+ sLnn 28 aaaa DLB DECREASE FIELD LOCATION, LOAD B ..................200.% 2-29 
+ inni 29 aaaa RTF RECORD TRANSFER ...........000e eee Riegtie tre Sapa eae Mae 2-30 
+ iiii 30 aaaa BUN BRANCH, UNCONDITIONALLY ............02. ec cece eeeeeee 2-31 
+ iiii 31. aaaa BOF BRANCH VOVEREPLOW ctns Sekt oye et 4 eee ed eee ee 2-31 
+ iiii 32 aaaa BRP BRANCH REPEAL ws & gcd Santd.« baa whe Dew Ae we Mace eae RS 2-32 
+ iiin 33 aaaa BSA BRANGH SIGN AS cs ste Se Sula aeete BAe geo mrate erwin ter oan wn ese 2-32 
+ 1110 34 aaaa BCH BRANCH, COMPARISON HIGH .......... 0... 0c cece eee eee 2-33 
+ iiil 34 aaaa BCL BRANCH, COMPARISON LOW ........... cc cece eee teens 2-33 
+ i110 35 aaaa BCE BRANCH, COMPARISON EQUAL .......... ccc eee ee ee ee eens 2-34 
+ iiil 35 aaaa BCU BRANCH, COMPARISON UNEQUAL .......... 2... eee eee ee ee 2-34. 
+ sLnn 36 aaaa BFA DRANGH APT! cc) orcs het aie aaa Weed BE Bere ae eae D 2-35 
+ sLnn 37 aaaa BFR DBRANGH:. PIE UD AN, 5.54 334 Sse Sew dal avd Fede pata Uw bee <P AE R 2-36 
+ uiii 38 aaaa BCS BRANCH, CONTROL SWITCH: oe ean ie hae Wate ds wee se 8 3-3 

+ i110 39 aaaa SOR SET OVERFLOW REMEMBER ............20cc ce eccecscucees 2-37 
+ iiil 39 aaaa SOH SET OVERFLOW: HALT :4..0 3-05 a tes heath eee WS oat eh Rie Se 2-37 
+ 1112 39 aaaa IOM INTERROGATE OVERFLOW MODE ........... 0.0.0. 02 cee eee 2-37 
+ sLi0 ay aaaa STA SLORE Aut wea se Ge be Bee Pie Be SO eee eoda tou 2-38 
+ sLfl 40 aaaa STR STORE Reece kes ethene Soar sd on Woda eumon Meee k 2-38 
+ sLfi2 40 aaaa STB SLORE. De. pcccitee Gs kes ph a wee oa mee hee ak wee Meas aus Bad 2-38 
+ jiiii 4] aaaa LDR ROMO Slt bots eae ag oa dors anwir b edad outer be Saas 2-39 
+ i110 42 aaaa LDB ROAD uit ownage: ncaa ta es A eS ENO ES SS aS RS 2-40 
+ iiil 42 aaaa LBC LOAD B:-COMPEEMEND s2.%25G4.0cle Paw eee eewe Geta OOS 2-40 
+ iiin 43 iiii LSA ROAD SIGN Ae tis oct ag eats ache send ew wae ans oe le ks 2-40 
+ iiii 44 aaaa STP STORE rns be ay aie SRSA eae tee a ee ee ee 2-41 
+ iiil 45 iiti CLA CLEAR GN 5 = on-call S ee a wat area ete ies SR ade SS ee ee 2-41 
+ i112 45 iiii CLR CUBAR AR aat.e Cerna eerste aba GOR eV ae Ole ae ees 2-41 
+ i113 45 iiii CAR CLEAR. Ao dR: eid Site oe RE geass es de Gun SAS OS Re 2-41 
+ i114 45 iiii CLB GCEIGARD: 6 ai custo es DAs te a oe OE oe a OSE AES 2-41 
+ 1115 45 iiii CABS ‘CREAR ALB. 4563 4-4 uae oii dda bate Med es hs hd Aaa daniel tative 2-41 
+ 1116 45 iiii CRE. 2GLEAR Re Bec oie cep aS aes Wii eR RPO ie OS ae 2-41 
+ i117 45 iiii CLT CN EGA Phas Batic 24 wos dove: oda Re SUE SE eR 2-41 
+ iiii 46 aaaa CLL CLEAR LOCATION: oo § fat ecce dy geome toa de hee a ee 2-42 
+ i110 48 iimn SRA SSFEUE Ty RL ERE AY. eo rece tai eva ted gat des Be acs eaBieass Be a 2-43 
+ iiil 48 iinn SRT SHIFT RIGHT AvcANDOR core yc 8d Beth AE ie eo He Bw Ge AM 2-43 
+ i112 48 iinn SRS SHIFT RIGHT’ A WITH SIGN. 246-4 Conieee snore wea e eee ae eS 2-43 
+ i110 49 iinn SLA SH EEE Ae go cae 5 ea bine Be 4 eek AE Oe An eee 2-44 
+ iii] 49 iinn SLT SHUT ERT ASAN DR wictee oe acount £25. oOo We oles eh a ee 2-44. 
+ 4112 49 iinn SLS SHIFT. LET A. WIT-SIGN o4c0 8s a0 6425-440 ood CPEOTES EROS 2-44. 
Q uhhO 50 = aaaa MTS MAGNETIC-TAPE SEARCH) & 9:64.45 38 ace oe 8 Re Te eee ONG 4-12 
4 uhhO 50 aaaa MFS MAGNETIC-TAPE FIELD SEARCH ........... 0.0000 e ee ee eee 4.12 
+ uhh4 50 iiii MLS MAGNETIC-TAPE LANE SELECT ............... 0.0.00 ee ees 4-12 
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+ 


+ H+ & of Ht 


[eshte 


tH Ht 


+ 


+ |+ 


It i Ht 


eee ae 


Instruction 


Format 


1234 


uhh8 
uhh9 
uhhk 


uhhk 
univ 
univ 
unkk 


unii 


unkk ° 


unii 
uniO 
unil 


uni2 


uii0 


uiil 


uiir 
uicf 
viif 
uiif 
uili 


ulil 


56 


50 
50 
ol 


51 
52 
53 


54 
9) 
56 
a7 
58 
58 


58 


59 
59 


7890 


1ill 
i1ij 
aaaa 
aaaa 
aaaa 


aaaa 


aaaa 
aaaa 


aaaa 


aaaa 
i11i 
1111 


i111 


aaaa 


aaaa 


aaaa 
aaaa 


aaaa 


aaaa 
aaaa 


aaaa 


Appendices 


Operation 
Name Page 
MAGNENMC-VAPE REWIND °.4 3. vu ot hoes hea saw heead eas ken 4.12 
MAGNETIC-TAPE REWIND, DE-ACTIVATE .................05. 4.12 
MAGNETIC: TAPE-SGAN a.4.<'0¢suce ean’ oe Pewee toutes eecaas 414 
MAGNETIC-TAPE FIELD: SCAN (5.405 o.ase-d 2 aed Swe SRO 6 ESTs 4.14, 
MAGNETIC- TAPE READ 423 20uGakok ben geee ee A Ae owe Gaes 4-15 
MAGNETIC-FAPE READ, RECORD! oc: ¢<.c8 4a ee see OU KEES OSS 4-16 
MAGNETIC-TAPE INITIAL WRITE ............. 00sec eee 4-18 
MAGNETIC-TAPE INITIAL WRITE, RECORD .................. 4-19 
MAGNETIC-TAPE OVERWRITE ............ 0... eee eee eee 4-20 
MAGNETIC-TAPE OVERWRITE, RECORD ...........-.....-206- 4-21 
MAGNETIC-TAPE POSITION FORWARD ............. 000220 00- 4-21 
MAGNETIC-TAPE POSITION BACKWARD .................... 4-21 
MAGNETIC-TAPE POSITION AT END 
OF INFORMATION: a2cutam tad Hore eect tes wee aia 4-21 
MAGNETIC-TAPE INTERROGATE, BRANCH ..............0000- 4.22 
MAGNETIC-TAPE INTERROGATE END 
OF TAPE. BRANCH. wotd-ueenst ever es hs eee Patan 4.22 
CARDSRGAD 4i53.5 adies-, ihe dyes anasndsins ae be Beebe ee nee © 6-18 
CARDO WRVEL. @ 2223.2 pe ogee MOR eRe Cee eo Sweet de aces 6-25 
CARD READ, FORMAT LOAD ............ cece eee ewer eens 6-27 
CARD WRITE, FORMAT LOAD ............... 00. cece eens 6-29 
CARD READ INTERROGATE, BRANCH ...........0..2 0000 ce eee 6-31 
CARD WRITE INTERROGATE, BRANCH .................-..-- 6-51 


BURROUGHS 220 INSTRUCTION LIST, ALPHABETICALLY, BY ABBREVIATION 


Instruction 


Format, 


1234 
iiil 
1110 
i1ii 
1110 
1110 
iiil 
uili 
iiil 
sLnn 
sLnn 
lili 


i1il 


56 


12 
12 
19 


35 
34 
34 


38 
35 
36 


37 
31 
32 


7890 


aaaa 
aaaa 


aaaa 


aaaa 
aaaa 


aaaa 


aaaa 
aaaa 


aaaa 


aaaa 
aaaa 


aaaa 


Abr 


ADA 
ADD 
ADL 


BCE 
BCH 
BCL 


BCS 
BCU 
BFA 


BFR 
BOF 
BRP 


Operation 

Name Page 
ADD ABSOLUTE. 2253 2. boata nbe nee oo Ae oe ea ee OA ee ea 2-9 
ADDY 2 2d wo mnaptrate ace whe are Ae Merca cle oe as Gla aie Ge & Satara eS tebe aed 2-9 
ADD TOTOGA TION: a5: s.cas oat 08 eee were Gis Ruan ee eearaee ee eee & 2-16 
BRANCH: COMPARISON. EQUAL. 3 d.c34 20 ca seadae reed wee eX 2-34 
BRANCH, COMPARISON HIGH ....... 0... ccc eee cece eens 2-33 
BRANCH, COMPARISON LOW ........ 2... cece cece cer eecens 2-33 
BRANGH, CONTROL: SWITCH. ices acnwe ds Pes weeks SES nea 3-3 
BRANCH, COMPARISON UNEQUAL ....... 2c c cece ee eee ees 2-34 
BRANCH, FIELD A ........... ee ee oe er are eee ete 2-35 
BRANCH PLELD Che cio sae San eee eee ee ea OS eS 2-36 
BRANCH, OVERFLOW ..... pie Boa Bills Sah i ea ie OE PE BM BET OS 2-31 
BRANCH, REPEAT é.s:s suia2-@ as Sc Rw ENE OED OS EOS oes 2-32 
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Appendices 


Instruction 
Format Operation 

+ 1234 56 7890 Abr Name Page 
+ iiin 33. aaaa BSA BRANCH. SIGN A. aodswetec a eats bend ew Mieke yetiees 2-32 
+ iiii 30 aaaa BUN BRANCH, UNCONDITIONALLY ..................00 ce eeeees 2-31 
+ iiil 10 aaaa CAA CLEAR; ADD ABSOLUTE: oy. o4.c0cctad Ss ec oaratakd he Gk RRS ake Rs 2-7 

+ i115 45 iiii CAB CLEAR A.B actos ited Sct bese hele etek ered wae ilny 2-41 
+ i110 10 aaaa CAD CEE RR AUD acs tah Bed eet ae alot Bed ts IGS awe a CA eee 2-7 

+ 1113 45 iiii CAR GLEAN Avo Ie spd. epee ee ee eS BER SL ae St SR 2-41 
+ sLfO 18 aaaa CFA COMPARE FIELD‘ Aw) bccnicon 6sch ped Seales ISSR a eae eh aS 2-14. 
+ sLfl 18 aaaa CFR COMPARE FIELD) RAs 6 brds cb wad he belek nb See Sep ee ih oe bea we 2-14. 
+ iiil 45 iiii CLA CLEAR Ay 4.3.6 sth eee eA Ok Oh oe eR Tee REECE S 2-41 
+ i114 45 iiii CLB CEA Beis t-4-See ed Seater eee BOS EES EL ES RSE Loe EE 2-41 
+ iiii 46 aaaa CLL CLEAR BOCA TION xii ter arcdh we kee eee ae ee ee EES 2-42 
+ i112 45 iii CLR CLEAR Fe 4642 ot enn Beck. ae ae ee che nee Pa mis Wee ate owed 2-41 
+ i117 45 iiii CLT CLEAR Ay RBs tiene ea 6 Se ed ty eee ey ee eee ee 2-41 
+ i116 45 iiii CRB CLEAR We Ey acclpukd u alve kane ASME Le REE OL WES a eee ees 2-41 
+ uiir 60 aaaa CRD CARD READ 6.4 dase Me Pee dhl Sie Sees Ai oe Se 6-18 
+ uiif 62 aaaa CRF CARD READ, FORMAT LOAD .............. 2.00 ccc eee eee eee 6-27 
+ uiii 64 aaaa CRI CARD READ INTERROGATE, BRANCH ............0.. 00000 eee 6-31 
+ iiil 11. aaaa CSA CLEAR SUBTRACT ABSOLUTE ........... 0.0... 02 ce ee eee eee 2-8 

+ 1110 11. aaaa . CSU CLEAR -SUDURAGE. oo 2024 Oy be CER Ga Oeste Gee eS 2-8 

+ uiif 63 aaaa CWF CARD WRITE, FORMAT LOAD ............... 2.0.2.0 eee eae 6-29 
+ uiii 65. aaaa CWI CARD WRITE INTERROGATE, BRANCH ................ 0000 ee 6-31 
+ uicf 61 aaaa CWR. CARDO WRULES «cic site 5 eee ee Sis oe Berd k ee ais ae 6-25 
+ nnnn 21. aaaa DBB DECREASE Be BRANCH. 3% hc sen tohi ain sae Sk Se eae Sock 2-18 
+ sLnn 27 aaaa DFL DECREASE FIELD. LOCATION ...c0.5 660 ¢0%6608.55 040 wesa wo Re 2-27 
+ iiii 15 aaaa DIV DIVIDE. H5 2 tse ate take eB eee Se ea eh Se 2-12 
+ sLnn 28 aaaa DLB DECREASE FIELD LOCATION, LOAD B ..............000 +e eee 2-29 
+ iiii 17 aaaa EXT PUR ADS 2g oe 5 oop te ictal da Ms, tel ae Dace du BO, gis Seca Tae ae ede 2-14 
+ niil 22 aaaa FAA FLOATING ADD ABSOLUTE .............. 0. cee eee ee ee eee 2-18 
+ niiO 22 aaaa FAD FLOATING ADD: 5043.3 eWeek a hw ade ae Os eAe Oe a ee hae 2-18 
+ 1111 25 aaaa FDV RLOATING DIVIDE: aos occa picaee Cok Raw eee eae SE RET RR Res 2-24 
+ iiii1 24 aaaa F MU: -FEQATING MULTIPLY 2.30003 ceed gg ee eG e eae he ewe 2-22 
+ niil 23 aaaa FSA FLOATING SUBTRACT ABSOLUTE ............ 2. 0c ce eee cece 2-20 
+ niiO 23 aaaa FSU FLOATING SUBTRACT ............ ween e eee e ee ee eee ween 2-20 
+ i1ii O00 iiii HLT PRAISES Sa tparecl hie Oke ee oe BAS RS se Bie wr tnd 2-6 

+ nnnn 20 aaaa IBB INCREASE. B.- BRANCH: cre Cie sce ee KSA ale 84 eee we kw bells 2-17 
+ sLnn 26 aaaa IFL INGREASE. FIELD LOGATION + gers t tae 0k 2S GS OEE WES 2-26 
+ i112 39 aaaa IOM INTERROGATE OVERFLOW MODE .............. 000 ee veces 2-37 
+ 1112 08 iiii KAD: AREY BOARD ADD 25 sccccten arn BA hk ee ESO eal eee HOS Rees 3-2 

+ jiiil 42 aaaa LBC LOAD 5 COMPLEMENT: “os-sae biked & Ose dw BAS Re ees 2-40 
+ 1110 42 aaaa LDB DADA IS fopck rng tia e sb astec ten Gite at ae A oe adhe ee awe eeanewn abe Mie Gu k RS 2-40 
+ i111 41 = aaaa LDR BOAT TG o-3 at ee atts We Hoh el Oak eB OL eee lee ak ae 2-39 


+ H+ se » H H 


Hit It 


Peete ir 


1+ 


I+ I+ 


t+ Ht o of It 


tit HEH HHH HEE EH 


Dae eae 


Instruction 


Format 


1234 
iiin 
uhh9 
ubhk 


uhhO 
ulid 


uiil 


unil 
unkk 
uhh4. 
unli 
unkk 


unil 
uii2 


uni 


univ 


univ 
uhh8 
uhhk 


uhhO 
lili 
llii 
uliiv 
unnv 


unnv 


unni 
lili 
inni 
1110 
11i2 
iiil 
iiil 
1110 
dnnv 
1110 
1112 
iiil 
sLfi0 
sLf2 


1lil 


56 


43 
50 
ol 


50 


oy 


59 


9) 
54 
50 


57 
56 
58 
58 


58 
52 


53 
50 
ol 


50 
14 
01 


04 
03 
05 


FSS £668 SSS 


Appendices 


Operation 
Name Page 

LORD SIGN AAS pitts 2S oe oes ee NI oe BOSS AE Seale Se 2-40 
MAGNETIC-TAPE REWIND, DE-ACTIVATE ..............02000. 4-12 
MAGNETIC-TAPE FIELD SCAN .......... 02.2 ee cee cee eee eee 4-14 
MAGNETIC-TAPE FIELD SEARCH ........... 0000 0c eee e ee eee 412 
MAGNETIC-TAPE INTERROGATE, BRANCH ...........-0-02000. 4-22 
MAGNETIC-TAPE INTERROGATE END 

OF TAPE. (BRANCH oskna2tQ-cierew See ake ek beh ee eeeeS 4.22 
MAGNETIC-TAPE INITIAL WRITE, RECORD .................. 4.19 
MAGNETIC-TAPE INITIAL WRITE ............. 0 ce ee eee eens 4-18 
MAGNETIC-TAPE- LANE SELECT -sticvs coteve-us wists ae atere eo Gtk GS Saga 4-12 
MAGNETIC-TAPE OVERWRITE, RECORD ..................0-. 4-21 
MAGNETIG- TAPE -OVERWRITE 2.24052 36 40e Hee OAS Ose Mews eee 4-26 
MAGNETIC-TAPE POSITION BACKWARD ............. 0000000. 4-21 
MAGNETIC-TAPE POSITION AT END 

OF INFORMATION cc54 ci vault a aeeda shia tan breaks eine teas 4-21 
MAGNETIC-TAPE POSITION FORWARD .............200 eee ee 4-21 
MAGNET IC-LAPI-READ 225-222924 52 uh wie Reba ea Res oang tales 4-15 
MAGNETIC-TAPE READ, RECORD .............. 0.00 eee eee 4-16 
MAGNEVIC-TAPE REWIND coe 6 260 686 6 acta bated ts Sere hee ataees 4-12 
MAGNETICVAPE-SGAN owc Cate oa nase Po See SS ess 4.14 
MAGNETICVAPE SEARCH 302 cea ols: sa ie a Oa ee ew BS OES 4-12 
MUL UIPLY ~2:3.4 Suceeeett eiu Ma gesce aaah oe Ee aaetce a ee ne deo Ay ere eal a 2-11 
NO OPERAVION,.é-0¢:¢5-0@02 at elutes wu awe beee ed 25 Seas oo aks 2-7 
PAPER-TAPE. READ; BRANGH 30% 4 20/0 eau wads 240s tea eas 5-6 
PAPER-TAPE READ «i o:2 cee ag oe eew he eae See ee es Fe GR oes 5-4 
PAPER-TAPE READ, INVERSE FORMAT ...........- 000000 tees 3-8 
PAPER TAPE: WILE “oeantey Oe a Sede Does Yow alana es 5-9 
ROUND weienen ee eee ha Os des DEG te ea Se ee ee eke eas 2-13 
RECORD: TRANSFER: 626 ose bie oS home ow Se eh a 4 Os Baths Vee 2-30 
SHIT EE GD fe ste use eet ahs aw added co Baa ERO ER oie SO ates 2-44 
SHIFT LEFT A: WITH:SIGN. « ..¢0.0 Gees $eS 4 ee iba RENO Se Ae ER 2-44. 
SHIFT REF T AVAND- Bois ax 4 saw abe eevee Sek ee oe dae a2 2-44 
SET - OVERFLOW HALT i504 500 eo ns bo be cee Gian aw eee seas 2-37 
SET OVERFLOW: REMEMBER: § i64.4:4.245a Mew ween Weare ees 2-37 
SUPERVISORY. -PRINT-OUP S400 26-0 s4 0 pied ieee sawk i eee ee 3-2 
SHIFT-RIGH T Ani cis Ssac co x ajuk tne a ante oat MA Uh BO oe ae eS 2-43 
SHIFT RIGHT AWE: SIGN 200s adek SRS Sa oS EARNS B48 2-43 
SHIFT RIGHT ALAND Re oocyte oeane ed ew dahon eee ete he 2-43 
SORE A eileen Loe i ae ee ee Se oe ek wv eee we wes 2-38 
STORE B53 aus 5,5 ool na BAe eh Ee are wre SEE Beh aew. 2-38 
SORE Ent ga Sauer tata ea a eae e ee Sk SG Gee are toed 2-41 


Page 
2-38 
2-10 
2-10 


Operation 
Name 


SUBTRACT ABSOLUTE . 
UE UAC” “cies cove eve ae cies eves ocaeaarae whe wl ede Whe 


STORE R . 


Abr 
STR 
SUA 
SUB 


aaaa 
aaaa 
aaaa 


1234 56 7890 


Instruction 
Format 
sLfl 40 
iiil 13 
1110 13 


+ 
am 
+ 
ars 


C. ALPHANUMERIC CODES AND THEIR REPRESENTATION 


Appendices 


38-4 


8-3 
8-3 


P4p) 
peyoung 


(blank) 
12 8-3 
12 84 
12 

ll 8-3 


Jang 
NOULVaYV) 


i) 


Paper Tape 


edn, 

2euBpWw 
pup 

sajndwoy 


Symbol 


BURROUGHS 
220 
(space) 


Appendices 


uw \o 
pin 
peypung oleae 
es re 
Jeyjng sn 
NoULvauv> 
re Leal 


Paper Tape 


syeuBpw ier Ke 
pup + | + 
dojnduioy 

fx fo 

x) 

2 

E 

> 

rn 


BURROUGHS 
220 
E 
F 


Appendices 


0 


eal N ae) = t~ 
pips a ob 
peyoung 
=) 
saying poeusisse 
NOULVaav JON 


Pe ee eel, ee 


5) 
14 
14 


7 


Paper Tape 


edpy 
o140UubBp 
iH Ww — N ar) uD t i oO Ve) uw N Ne) ~ tt 
pup oe) co (oe) (oe) ioe) ise) N _ se) fon) ow N oe) 
sajndwoy 


9 

Skip 
me 

PI 6 
PI7 
SP 1 
Tape 
Feed 


pousisse 


10N 


End-of- 
Blank 


Word 


Tab 


BURROUGHS 
220 

1 

2 

3 

4 

B) 

7 

ae eae. 

9 
Carriage 
Return 
Form Out 


* Not represented. 
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Tape 


Computer 
and 
Magnetic 


assigned 


Paper Tape 
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Punched 
Card 


D. A GLOSSARY OF TERMS 


ABSOLUTE VALUE: The absolute value of a number, 
n, is the number which results from making the sign of 
n positive. For example, if n = +6, the absolute value 
of nis +6; if n = —7, the absolute value of n is +7. 
In symbols, we would write: |+6| = +6; |—7) = +7. 


In general, then, |n| = +n, if n is greater than or equal 
to zero; and /n| = —n, if n is less than zero. 


ADDRESS OF BASE OF LOCATION + ++ : Because the 
address part of an instruction word can be augmented by 
the contents of the B register as the instruction is fetched 
from storage to the C register, that address frequently is 
not the address of the location referenced by the instruc- 
tion which is executed. In such cases the address part of 
the instruction in storage is the base on which is con- 
structed—by addition of the contents of the B register— 
the actual address used by the instruction which is exe- 
cuted. In this context it is convenient to call the address 
part of the stored instruction the “address of the base of 
the location of °°.” 


BLOCK: A “block” of information on BURROUGHS 
220 magnetic tape is the information recorded between 
two inter-block gaps. It is so stated because a block may 
contain any number of Data Processor words from a min- 
imum of 10 words to a maximum of 100 words. 


B-REGISTER ADDRESS-MODIFICATION: The B reg- 
ister and the address part of a word are four digits long. 
B-register address-modification is the addition of the con- 
tenis of ihe B regisier io ine address part of a word; only 
the four low-order digits of the sum are retained however. 
Moreover, there can be no carry into digit-position 5 in 
the word which is modified. 


FIELD: A field is a set of contiguous digit-positions. 
ITEM: An item is a piece of information within a record. 


PARTIAL-WORD FIELD: A field, all of whose digit po- 


sitions lie in the same word. 


RECORD: A record is the amount of information on any 
one subject; this is a function of the problem, not of the 
machine. 


E. A GLOSSARY OF SYMBOLS 


(aaaa): Contents of location whose address is aaaa. 

(aaaa) a: The subscript “a” identifies the contents 
after execution. 

(aaaa)y: The subscript “b” identifies the contents 
before execution. 

[aaaa]: The enclosure, in brackets, of an address, 


is an indication that the address may be or 
will be modified during program execu- 
tion. 


Appendices 


<aaaa>: 


B[aaaa]: 


rA, etc.: 


rA:sL: 


(rA:+1)/1: 


It is convenient to distinguish B-register 
address-modification from other types. Al- 
though the contents of the sign-digit posi- 
tion of an instruction word specify such 
modification, the sign-digit is not suffi- 
ciently distinctive on a handwritten coding 
sheet. 


In the description of each operation it is 
necessary to indicate that B-register ad- 
dress-modification may or may not occur. 
This symbol indicates, therefore, that where 
B-modification is not intended it represents 
the contents of location aaaa; where B- 
modification is intended it represents the 
contents of location (aaaa + the contents 
of the B-register ). 
A lower-case “r’’ will precede the names of 
the various registers in the control and 
arithmetic units in order to distinguish 
them. rA, for example, is the A register. 


In order to specify a partial-word field, 
three parameters are required: the location 
of the word containing the field, and the 
two boundaries of the field. In the example 
shown, the location is the A register. The 
letter s designates the position of the right- 
hand boundary, i.e., the low-order digit of 
the partial-word field. The left-hand bound- 
ary is defined by specifying that there are 
L digits in the partial-word field. For ex- 
ample, rA:04 specifies the address part of 
the A register; (rA:04) is the address it- 
self, i.e., the four digits in the specified 
field. And rD:+1 is the sign-digit position 
in the D register. 


This symbol specifies the one bit of the A 
register’s sign digit. Similarly, (rA:-t1) /2 
means the two bit of the A register’s sign 
digit, and so forth. 


#123 45 678 9 0 This diagram identi- 


fies the digit positions 
in a computer word. The digit position 
identified by the symbol “‘-+” is called the 
sign-digit position. The contents of digit 
positions 1, 2, 3, and 4 are sometimes called 
control digits; the contents of digit posi- 
tions 5 and 6 comprise the operation code; 
and the remaining four digit-positions com- 
prise the address part of the word, when 
these terms are meaningful. 


“(rP) ~ rE” means “the contents of the 
P register go into (ie., replace the con- 
tents of) the E register.” Alternatively one 
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may write “(rP) — (rE)” which is to be 
read “the contents of the P register replace 
the contents of the E register”. 


=—>* “(rB) Adder > (rC€:04)” means “the 
contents of the B register go through the 
adder and replace the contents of the ad- 
dress part of the C register.” 


|nnnn|: the absolute value of nnnn. See Appendix 
D, A Glossary of Terms, for a definition 
of absolute value. 


The following symbols are used in the flow charts, which 
elaborate on the execution of the BURROUGHS 220 op- 


erations: 


2-60: This is connector A. If it is an output con- 
nector, the corresponding input connector 
will be found on page 2-60; if it is an 
input connector, the corresponding output 
connector will be found on page 2-60. 


@ : This indicates action. All of the action 
associated with this symbol is specified 
beside the symbol. All of the action asso- 
ciated with the symbol occurs simultane- 
ously. 


[1] : This is the symbol for a branch point; 
it is used to indicate alternative 
courses of action. 


F. INSTRUCTION TIMES, ALPHABETICALLY, 
BY ABBREVIATION 


Op Total time (Fetch + Execute) 
Abr Code in ps / Remarks 


ADA 12 185  / No decomplement 
245  / Decomplement 


ADD 12 185 / No decomplement 
245  / Decomplement 


ADL 19 259 / No decomplement 
315  / Decomplement 


BCE 30 105 / No branch 
125 / Branch 


BCH 34 105 / No branch 
125 ~/ Branch 


BCL 34 105 / No branch 
125 / Branch 


BCS 38 105 / No branch 
125 / Branch 


Abr 
BCU 


BFA 


BFR 


BOF 


BRP 


BSA 


BUN 
CAA 
CAB 
CAD 
CAR 
CFA 
CFR 
CLA 
CLB 
CLL 
CLR 
CLT 
CRB 
CRD 


CRF 


CRI 


CSA 
CSU 
CWF 


Code 


62 


64 


ll 
ll 


105 
125 


165 
185 


165 
185 


105 
125 


105 
125 


175 
195 


125 
185 
100 
185 
100 
240 
240 
100 
100 
115 
100 
100 
100 


9855 
7270 
9110 


8635 
10050 
12030 


335 
300 
375 


309 
375 
395 


185 
185 


8635 
10050 
12030 


Total time (Fetch + Execute) 
in us / Remarks 


/ No branch 


Branch 


No branch 
Branch 


No branch 
Branch 


/ 
/ 
7 
/ 
/ 
/ No branch 
i: 
ie 
Gg 
/ 
rs 


Branch 


No branch 
Branch 


No branch 
Branch 


/ Minimum 
/ Average 


/ Maximum 


/ Minimum 
/ Average 
/ Maximum 


/ Minimum, no branch 
/ Average, no branch 
/ Maximum, no branch 


/ Minimum, branch 
/ Average, branch 
/ Maximum, branch 


/ Minimum 
/ Average 
/ Maximum 


Abr 
CWI 


CWR 


DBB 


DFL 
DIV 


DLB 
EXT 
FAA 


Op 
Code 


65 335 
395 
375 
3995 
375 
395 


61 8635 
10050 
12030 


aN 130 
150 


27 250 


180 
1285 


3985 


6685 
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Total time (Fetch + Execute) 
in us / Remarks 


/ Minimum, no branch 
/ Average, no branch 
/ Maximum, no branch 


/ Minimum, branch 
/ Average, branch 
/ Maximum, branch 
/ Minimum 

/ Average 

/ Maximum 


/ No branch 
/ Branch 


/ Quotient is (rA), 

/ Minimum, overflow 

/ Minimum, (rA), = + 0909 
09 0909 

/ Average, (rA), = +5555 
55 5950 © 

/ Maximum, (rA), = + 9090 
90 9090 


/ Execution time—exclusive of 
fetch time—is a function of 
the magnitude of the quotient 
(rA),, if overflow does not 
occur. It may be calculated 
with the aid of the following 
formula: 


T = 3895 + 603 [(rA: 2k+1, 1). — 


k=0 


(rA:2k, 1),] 


= 3895 + 60[(rA:11) — (rA:21) + 
(rA:31) — (rA:41) + (rA:51) — 
(rA:61) + (rA:71) — (rA:81) + 
(rA:91) — (rA:01) | 


28 290 
17 235 


22 280 
325 
410 
215 


360 


280 


A15 


/ Sum = 0 

/ Minimum, underflow 

/ Maximum, underflow 

/ Sum =+ 0, no decomplement, 
minimum 

/ Sum + 0, no decomplement, 
maximum 

/ Sum + 0, decomplement, 
minimum 

/ Sum = 0, decomplement, 


maximum 


Appendices 


Abr 
FAD 


FDV 


FMU 


FSA 


FSU 


HLT 
IBB 


IFL 
IOM 


Op 
Code 


22 


25 


24 


23 


23 


00 
20 


26 
39 


2380 
325 
410 
215 


360 


280 


415 


175 
260 
175 
6775 
4075 
6775 


175 
255 
299 
2915 
1735 
2915 


280 
325 
410 
215 


360 


280 


415 


280 
325 
410 
215 


360 


280 


415 


100 


130 
150 


290 


105 
125 


Total time (Fetch + Execute) 
in ws / Remarks 


/ Sum = 0 

/ Minimum, underflow 

/ Maximum, underflow 

/ Sum + 0, no decomplement, 
minimum 

/ Sum + 0, no decomplement, 
maximum 

/ Sum + 0, decomplement, 
minimum 

/ Sum + 0, decomplement, 
maximum 


/ Quotient or divisor = 0 
/ Underflow 

/ Overflow, minimum 

/ Overflow, maximum 

/ Quotient = 0, average 

/ Quotient = 0, maximum 


/ Product = 0 

/ Overflow 

/ Underflow, minimum 

/ Underflow, maximum 

/ Product + 0, average 

/ Product ~ 0, maximum 


/ Difference = 0 

/ Underflow, minimum 

/ Underflow, maximum 

/ Difference 4 0, no 
decomplement, minimum 

/ Difference ~ 0, no 
decomplement, maximum 

/ Difference 4 0, 
decomplement, minimum 

/ Difference + 0, 


decomplement, maximum 


/ Difference = 0 

/ Underflow, minimum 

/ Underflow, maximum 

/ Difference = 0, no 
decomplement, minimum 

/ Difference = 0, no 
decomplement, maximum 

/ Difference 4 0, 
decomplement, minimum 

/ Difference = 0, 


decomplement, maximum 


/ No branch 
/ Branch 


/ No branch 
/ Branch 


Abr 
KAD 


LBC 
LDB 
LDR 
LSA 
MDA 
MFC 
MFS 
MIB 
MIE 
MIR 
MIW 
MLS 
MOR 
MOW 
MPB 
MPE 
MPF 
MRD 
MRR 
MRW 
MTC 
MTS 
MUL 


Op 
Code 


08 
42 
42 
41 
43 
30 
dl 
20 
29 
29 
D9 
o4 
30 
a7 
36 


98 


38 
38 
D2 
53 
30 
ol 
30 
14 


180 
180 
175 
105 


230 


2095 


3480 


Total time (Fetch + Execute) 
in us / Remarks 


/ Manual operation 


/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 
/ See Appendix G. 


/ Multiplier is (rA), 

/ Minimum, (rA), = + 0000 
00 0000 

/ Average, (rA), = + 0123 
45 6789 

/ Maximum, (rA), = + 5555 
55 5555 


/ Execution—exclusive of fetch 
time—is a function of the 
magnitude of the multiplier 
(rA),. It may be calculated 
from the following formula: 


9 
T=90+5>3 M,. 


k=0 


Op Total time (Fetch + Execute) 
Abr Code in us / Remarks 
where 
M,= 1 if (rA:k1) =0 
M, = 13 [(rA:k1)] + 1 if1< (rA:kl) <5 
M, = 13 [11—(rA:k1)] if6< (rA:kli) <9 
Hence the following table: 
NOP 01 100 
PRB 04 / Photoreader speed, nominally 
1000 characters per second 
PRD 03 / Photoreader speed, nominally 
1000 characters per second 
PRI 05 / Photoreader speed, nominally 
1000 characters per second 
PWR 06 / Punch speed, nominally 60 
characters per second 
/ Printer speed, nominally 7-- 
10 characters per second 
RND 16 105 / (rR:11) <5 
165 / (rR:11) >5 


G. MAGNETIC-TAPE INSTRUCTION TIMES 


Magnetic-tape instruction times include Data Processor 
instruction Fetch time, and complete Execute time in- 
cluding that during which the Data Processor and other 
units associated in the execution of the instruction are 
busy together or separately. Table G-1 lists instruction 
times when the TSU is used; Table G-2 lists times for 
use of the DATAFILE Unit. 


TSU INSTRUCTION TIMES (See Table G-1) 
Times are computed on the following basis: 


1. Data Processor Fetch time: 09 ms (column 2) 
Data Processor Execute time (column 3) 


2. Tape transit time at full speed (.04 ms/digit space) 
(column 3 or 4) 


3. Start time: 3 ms. 
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Op Total time (Fetch + Execute) 
Abr Code in us / Remarks 
RTF 29 130 + 60(nn) §=/ 01 < nn < 99 
6130 / nn = 00 
SLA 49 160 — 5N, / nn =N,, mod 10 
SLS 49 160 — 5N, / nn=N,, mod 10 
SLT 49 210 — 5N. / nn = Nz, mod 20 
SOH 39 105 
SOR 39 105 
SPO 09 / Printer speed, nominally 7 - 
10 characters per second 

SRA 48 110 + SN / nn =N, mod 20 
SRS 48 110 + 5N / nn =N, mod 20 
SRT 48 110 + 5N / nn =N, mod 20 
STA 40 190 
STB 40 190 
STP 44 185 
STR 40 190 
SUA 13 185  / No decomplement 

245 / Decomplement 
SUB 13 185 / No decomplement 

245 / Decomplement 


Start time = 3 ms + unknown time difference “x” which 
results from difference in position of head relative to 
preface of first block to be reached. The formulas in Ta- 
ble G-1 and G-2 are computed with “x” = 1 ms. 


6699 


In case of instructions involving a lane change, “x” may 
be nearly one block tape-transit time as blocks may not 
start at the same point on the two lanes. 


4. 


Stop time: 3 ms. 
Turnaround time: 5 ms. 


D. 


6. +2 ms by TCU to lock up and complete instruc- 


tion. 


. Add 70-73 ms for lane change in an instruction. 
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DATAFILE INSTRUCTION TIMES (See Table G-2) 6. +2 ms for TCU locking 

Computations are basically the same as those for the 7. Additional 8 ms on any search or scan instruction 
TSU; however, nominal stop, start, and turnaround times over TSU time. 

are larger. 


8. Lane change on the same tape 40 ms 
1. Data Processor Fetch time: .09 ms (column 2) 


Execute time: (column 3) 9. DATAFILE bin changes: 200 + 25B (B = num- 
ber of bins passed over). If the head passes over 
2. Nominal tape speed and format the center of the file (48/49 2 50/51), add 100 ms 


3. Start time: 4 ms + x; x = 1 (assumed) 

Using the nominal figures, times for the DATAFILE 
operations on one tape exceed equivalent TSU times by 
5. Turnaround time: 8 ms 5 ms or 13 ms. 


4. Stop time: 4 ms 


Table G-1. 220 Magnetic-Tape—TSU—Instruction Times in ms 


Execute Time = A+B+C 
Fetch 


MTS 0.16 ms See Page A-16 for re-try 
MFS 16+N(3.2+.48k) +C times 
Ct ee ae 


.09 0.16 100L | L= a in feet, of tape 
.09 0.16 to be rewound 
.09 0.16 16+ (N+2) (3.2+.48k) 
09 0.16 +C 
ee nee) 


ge | 585| 55| 55 
AH) magmR5/ OO| se 


6+N(3.2+.48k) 
23 +N (3.2+.48k) 


on 
ioe) 
= 
as] 
A 


Ee. 
= 
n 


a. TCU Not busy, TSU at 
end of tape. Branch 


b. TCU Not busy, TSU not 
at end of tape. No Branch 


. TCU Busy. No Branch 


on qn 
‘oO \o 


* These units are busy for times indicated. Omission of any of these three units from a column signifies that it is free for other purposes. 
N = Number of blocks traversed (except in MTC). In MTC, N = number of blocks traversed to block scanned for; the next block is 
traversed twice, resulting in the (N-+2) coefficient. k = Number of words/block. C = 0, no lane change. C = 70, lane change. 
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Table G-2. 220 Magnetic-Tape—DATAFILE—Instruction Times in ms (nominal) 


Execute Time = A+ B+ C 


ee moenene | or fore ver wr] Teor 


N(3.2+.48k) + 29+ Re-try time (See Page A-16.) 
C+d(200+ 25B+ q) 


a. No lane change 

b. Lane change on same tape 

c. Carriage movement to 
another tape 


(N42) (3.2+.48k) +294 
C+d(200+25B+q) 


7+N(3.2+.48k) an | 


0.13 


. TCU Not busy; TSU at 
end of tape; Branch 


. TCU Not busy; TSU not 
at end of tape; No Branch 


. TCU Busy; No Branch 


* These units are busy for times indicated. Omission of any of B = number of bins to be traversed by carriage to reach desig- 
these three units from a column signifies that it is free for other nated position. 
purposes. 


LANE MOVE TO CARRIAGE 


N = Number of blocks traversed (except in MTC). CHANCE ANOTHER MOVES OVER 


In MTC, N = number of blocks traversed to block scanned for, TAPE 48/49-50/51 
the next block traversed twice, resulting in the (N+2) co- —- i 

efficient. YES: C= 40 ai q = 100 
k = number of words/block. NO: CcC=0 d=0 q=0 
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Appendices 


RECHECK OF KEY Low High 
MTS and MFS instructions incorporate the recheck-of- 
key or retry. 
Backward Search High 
Forward Search Retry 
Stop 


Low Low High 


Extra Time for Retry Pattern: 
TSU: 144+ ¢ (3.2 + 48k) ms 
DF : 18-1/2+g (3.2 + .48k) ms 
g = 2 full pattern (forward) 


g = 1 backward pattern 
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Burroughs Corporation ELECTRODATA DIVISION 


BURROUGHS 220 
A Summary of Operotions in Alphabetic Order . 


Instruction 
Farmal OPERATION 
& 1234 $6 7890 | ABR NAME 


+ 1110 {2 anaa | ADI 


“ltl 12 aaaa | ADA [ADD ABSOLUTE 

+ tilt 19 anaa | ADL | ADD TO LOCATION 

+ 1110 35 asaa | BCE | BRANCH, COMPARISON EQUAL 

+ 1110 34 anaa | BCU | BRANCH, COMPARISON HIGH 

+ ifl 34 anan | BCL | BRANCH, COMPARISON LOW 

zm Jitt 38 anan [BCU | BRANCH, COMPARISON UNEQUAL 

zt ulli 38 aaaa | OCS | MRANCH, CONTROL SWITCH 

“ sLin 30 naaa | BFA | BRANCH, FIELD A 

+ sbnn 37 aaaa | BFR [BRANCH FIELD R 

+ iit 31 nana [BOF | BRANCH. OVERFLOW 

+ fttt 32 aaaa | BRP |BRANCH, REPEAT 

~- tiin 33 aaaa | HSA | BRANCH, SIGN A 

_ = a0 pana [RON | BUANCH, UNCONDITIONALLY 

x uive 69 aaaa ITCRD | CARD READ 

= Witf 62 nana CARD READ, FORMAT LOAD 

+ iit 64 agaaa | CRI | CARD READ INTERROGATE, BRANCH 
‘uicf 61 aaaa [CWR CARD WRITE 

ullf 63 aana [CWF ; CARD WRITF, FORMAT LOAD 

wilt 65 anaa | CWI [CARD WRITE INTERROGATE, BRANCH 

+ iff) 45 {tif [CLA (CLEAR A 

tits 45 111 [CAR | CLEAR A, B 


id 10 saan | CAD | CLEAR, ADD 
CAA |! CLEAR, ADD ARSOLUTE 


t+ dhit 19 anaa 
CAR | CLEAR A, R 


+ Si 45 4914 

a AT 45 tin PCLT TCLEAR A. R.B 
CLB {CLEAR B 

CLEAR LOCATION 

| CLEAR RF 

/ CLEAR RB 

osu | CLEAR, SUBTRACT 

CSA_, CLEAR, SUBTRACT ABSOLUTE 

GFA_(COMPARE FIRLD A 

CFR [COMPARE FIELD R 

DBB | DECREASE B, BRANCH 

+ sLnn 27 aaaa | DFL | DECREASE FIELD LOCATION 

+ sLni 28 avaa | DLB | DECREAS® FIELD LOCATION, LOAD B 

iti 1h aaaa | DIV IDIVIDR 

+ Hitt 1? aaaa [ EXT [EXTRACT 

x nilO 22 aaaa | FAD | RLOATING ADD 

+ nil 22 aaaa | FAA | PLOATING ADD ABSOLUTE 

filt 25 aaaa | FOV (FLOATING DIVIDE 

1iti 24 aaaa FLOATING MULTIPLY 

niiQ 23 aaaa] FSU | FLOATING SUBTRACT 

nil 23 aaaaj] FSA [FLOATING SUBTRACT ABSOLUTE 

itt 00 ti {HLT [HALT 

ninn 20 aca, | me TINCREASE RO RRANGH 

sLun 26 aaaa INCREASE FIELD LOCATION 

{iti 08 diff PKAD [KEYBOARD ADD 

fil0 42 aaaa | LDB | LOAD B 

Hil 42 anaa | LBC [LOAD B COMPLEMENT 

fitt 41 aaaa | LOR [LOAD R 

iiin 43 Wit [LSA {LOAD SIGN A 

whhk 51 aaaa | MFC | MAGNETIC-TAPE FIELD SCAN 

ubho 50 aaaa [ MPS | MAGNETIC-TAPE FIFLD SEARCH 

unkk 54 aaan | MIW | MAGNETIC-TAPE INITIAL WRITE 

unit 55 aaaa | MIR | MAGNETIC-TAPE INITIAL WRITE, RECORD 

wlid 59 aaan | MIB | MAGNETIC-TAPE INTERROGATE, BRANCH 


ulil 59 aaaa | MIE | MAGNETIC-TAPE INTERROGATE END OF 
| TAPE. BRANCH 


uhh4d 50 Hili J] MLS | MAGNETIC-TAPE LANE SELECT 
unkk 56 aaaa [MOW | MAGNETIC-TAPE OVERWRITE 
unil 57 asaa |} MOR | MAGNETIC-FAPE OVERWRITE, RECORD 


uti2 58 ittt | MPE | MACG;NETIC-TAPE POSITION AT END OF 
i INFORMATION 


uni! 58 idit | MPBUMACGINETIC-TAPE POSITION BACKWARD 
unto 58 iit | MPF | MACGNETIC-TAPE POSITION FORWARD 
univ 52 aaan [MRD | MAGNETIC-TAPE READ 
univ $3 aaaa [MRR | MAGNETIC-TAPE READ, RECORD 
uhh8 50 titi |MRW i MACGNETIC-TAPE REWIND 

uhhd 50 tili |MDA |MAGNETIC-TAPE REWIND, DE-ACTIVATE 
phhk St aaaa j MTC MAGNETIC-TAPE SCAN 
uhhO 50 aana | MTS | MAGINETIC-TAPE SEARCH 
iihi 14 aaga | MUL, | MULTIPLY 
$4ii 01 fits | NOP NO OPERATION 
unnv 93 axaa | PRO PAPER-TAPE READ 
ufiv 04 aaan [PRB ) PAPER-TAPE READ, BRANCH 
unnv 05 esaaa | PRI | PAPER-TAPE READ, INVERSE FORMAT 
unni 06 aaaw PWR | PAPER-TAPE WRITE 


ulli 07 aaaa | PWI | PAPER-TAPE WRITE INTERROGATE, 
: BRANCH 


~_innt 29 aaaa [RTF | RECORD TRANSFER 
iit 16 tii [RND ROUND 
1110 49 finn | SLA {SHIFT LEPT A 
11 49 Jinn [SL | SHIFT LEFT A AND R 
112 49 finn [SiS SHIFT LEET A WITH SIGN 
i130 48 finn [SRA SHIFT RIGHT A 
tii 48 finn [SRT SHIFT RIGHT A AND R 
i112 48 jinn | SRS [SHIFT RIGHT A WITH SIGN 
sLf0 40 aanu | STA |STOKE A 
sL{2 40 aaoa | STU ISTORE 
iit 44 aaaa | STP [STORE P 
sLfl 40 anaa [STR | STORE R 
{110 13 aaaa | SUB [SUBTRACT 
Hit) 13 asaa | SUA | SUBTRACT ABSOLUTE 
dnnv 08 aaua [SPO [SUPERVISORY PRINT-QUT 


ape pee 


+ Alil 46 aaaa 


*~ AIG 45 1th 


iil tl aana 


nano 


tort edetepefefigher-t - fi 


ta, +] -]-fefal- 


e 


itftt eb el+[s[sfofolspefel + 


ehspe pt] epee sede) ated pep pepe 


‘Burroughs Corporation ELECTRODATA DIVISION. 


Burroughs comets Skannet Punched 
220 Magnetic Card 
Tape 
(Space) [ (Spacer [[ 00 = [| [e] | | J |cBlank) 
: rf 03 [x[ey [sey [2] 1] 128-3 
it ra {| os (x {[o[f[e] sia] [ j 128-4 
& Ee | RS Ce bn 
$ ee es | ae | ee ee ee 11 8-3 
: ae aes | ES © es Ee a ee 
— oe OR et 
f EY A | 5 
‘ | ee ee 
ve es | ee ee a ee a 
# re ti 33 | [ [ [er [2l it 8-3 
fa | 4 ee 5 a 
A A 41 TX | 8 
B B L428 
Cc eae ete a 12,3 
D bp 44 [x[for [| [4a} Tf 2 4 
E Se u 2 
F F p46. Oe 4 et 
G a | A 
H rH |[4e Ix {fol [el [ yf 12 8 
z I 49 x 1Olew is. of 4 12 9 
J eee es | eee ee ee ae: 
K K [52 Ixi (el { [a,j i 2 
L NN ee + 3 
M wae. Cae x uw 4 
_N tf} 3 ii 5 
is) pot tt 116 
P py oh ie lor a 
Q Qf 58 |x|[ felis] | 118 
R [Rn ff 69 [xf {| [alt [ [1 11s 
8 | sf 6 [| [ojw] 7 i232) 02 
T T {6 —™ | {of | [| Taji] 03 
U i. 64 oly 4 a 
Vv Vv {65 [| jo; | [4] [i Jo. 6 
Ww. a | ee ee |_| 0 6 
x ee A ON Ry | - ay;2,1 1.0 7 
Y ry i 6 {| [fo [rts | |_| 08. 
z.|. 2 | 6 | fo; [e; J] [ij o 9 
OiZero) | Oizero) || 80 | [O |] | | ae 
1 CA BD le ed 1 
2 eer Ces | ee ee ee ee ee 2 
3 | 83 TT ote] | [2ii | 3 
4 ee ee | eT ee a ee 4 
5 a ee | ee ee ee § 
6 |. 6 || 66 | | [ew j [4]2! 6 
7 es Gee | ee es a 7 
8 re OR | lh Bo 8 
9 rT 9 | 99 | {| je jsel | 9 
TAB | sip || 26 | Jol [el4a{2] [08-6 
EGE] on wie] ete [ee 
FORM OUT] PIié || 15 JX] oj 18 | 11 8-5 
eae ee ee 
BLANK | SPi|[ 02 |x jo [wisi [2] | 128-2 
a ae | ES EE. 
Vomer | 8 | alee es 
CARD 1 
a 
Cer = 
mk yt [xl | [8 [4 [2)i | 118-7 
assigned ee eee = = 
aE ae 
pra fr22 | [o[ [al [2] | 08-3 
pra 23. | (ole [eta ft [1 } 085 
pis. i} .o5 jxi[o] jala] [i | 128-5 
—sp2j|o6 {x {[o[ [ela{2) ] 128-6 
*Not represented. ad ean 


BURROUGHS 220 Alphanumeric codes 


SYMBOL | CODE 


Paper Yape 


+6 
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